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TITLE OF THE INVENTION 
PEPTIDE BORONIC ACIDS 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to novel products which are pharmaceutical^ acceptable and/or 
useful for pharmaceutical purposes. The products comprise boropeptfdes and are useful for 
treating arterial thrombosis. The Invention Includes other aspects, In particular methods of using 
the boropeptides. 

10 

Thrombosis 

Hemostasis is the normal physiological process In which bleeding from an Injured blood vessel is 
arrested. It Is a dynamic and complex process in which proteolytic enzymes such as thrombin 
15 play a key role. Blood coagulation may occur through either of two cascades of zymogen 
activations, the extrinsic and intrinsic pathways of the coagulation cascade. Factor Vila in the 
extrinsic pathway, and Factor DCa in the intrinsic pathway are important determinants of the 
activation of factor X to factor Xa, which itself catalyzes the activation of prothrombin to 
thrombin. The last protease In each pathway is thrombin, which acts to hydrolyze four small 
20 peptides (two FpA and two FpB) from each molecule of fibrinogen, thus deprotecting its 
polymerisation sites- Once formed, the linear fibrin polymers may be cross-Jinked by factor 
Xllla, which Is itself activated by thrombin. In addition, thrombin is a potent activator of 
platelets, upon which it acts at specific receptors. Thrombin activation of platelets leads to 
aggregation of the cells and secretion of additional factors that further accelerate the creation of 
25 a hemostatic plug. Thrombin also potentiates its own production by the activation of factors V 
and Vm (see Hemker and Beguin in: Joiles, et ai„ ^Biology and Pathology of Platelet Vessel 
Wall Interactions/ pp. 219-26 (1986), Crawford; and Scrutton in: Bloom and Thomas, 
*Haemostasis and Thrombosis/ pp. -47-77, (1987), Bevers, et al., Eun J. Biodrem. 1982, 122, 
429-36, Mann, Trends Bixhem. Scf. 1987, 12, 229-33). 

30 

Platelets thus play two Important roles in normal hemostasis. First by aggregating, they 
consitute the intitial hemostatic plug which Immediately curtails bleeding from broken blood 
vessels. Secondly, the platelet surface can become activated and potentiate blood clotting, a 
property referred to as platelet procoagulant activity. This may be observed as an increase in 
35 the rate of activation of prothrombin by factor Xa in the presence of factor Va and Ca 2+ , referred 
to as the prothromblnase reaction. Normally, there are few (if any) dotting factors on the 
surface of unstimulated platelets but, when platelets are activated, negatively charged 
phospholipids fphosphatidyiserine and phospatidyiinositol) that are normally on the cytoplasmic 
side of the membrane become available and provide a surface on which two steps of the 
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coagulation sequence occur. The phospholipid on the surface of activated platelets profoundly 
accelerates the reactions leading to the formation of thrombin, so that thrombin can be 
generated at a rate faster than its neutralisation by antithrombin in. The reactions that occur 
on the platelet surfaces are not easily inhibited by the natural anticoagulants in blood such as 
5 antithrombin III f either with or without heparin. (See Kelton and Hirsch in : Bloom and Thomas, 
"Haemostasis and Thrombosis/' pp. 737-760, (1981); Mustand et al in : Bloom and Thomas, 
M Haemostasis and Thrombosis,' pp. 503526, (1981); Goodwin al; Biochem. J. 1995, 308, 15- 
21)> 

10 A thrombus can be considered as an abnormal product of a normal mechanism and can be 
defined as a mass or deposit formed from blood constituents on a surface of the cardiovascular 
system, for example of the heart or a blood vessel- Thrombosis can be regarded as the 
pathological condition wherein Improper activity of the hemostatic mechanism results in 
intravascular thrombus formation. Three basic types of thrombi are recognised: 

15 • the white thrombus which is usually seen in arteries and consists chiefly of platelets; 

• the red thrombus which is found in veins and is composed predominantly of fibrin and red 
cells; 

* the mixed thrombus which is composed of components of both white and red thrombi. 

20 The composition of thrombi is influenced by the velocity of blood flow at their sites of formation. 
In general white platelet-rich thrombi form in high flow systems, while red coagulation thrombi 
form in regions of stasis. The high shear rate in arteries prevents the accumulation of 
coagulation intermediates on the arterial side of the circulation: only platelets have the capacity 
to form thrombi binding to the area of damage via von Willebrand factor. Such thrombi 

25 composed only of platelets are not stable and disperse. If the stimulus is strong then the 
thrombi will form again and then disperse continually until the stimulus has diminished- For the 
thrombus to stabilise, fibrin must form. In' this respect, small amounts of thrombin can 
accumulate within the platelet thrombus and activate factor Va and stimulate the platelet 
procoagulant activity. These two events lead to an overall Increase in the rate of activation of 

30 prothrombin by factor Xa of 300,000 fold. Fibrin deposition stabilises the platelet thrombus. 
Thrombin inhibitor* are not clinically effective at inhibiting stimulation of platelet procoagulant 
activity. Accordingly, a therapeutic agent which inhibits platelet procoagulant activity would be 
useful for treating or preventing arterial thrombotic conditions 

35 On the venous side of circulation, the thrombus is comprised of fibrin: thrombin can accumulate 
because of the slower flow on the venous side and platelets play only a minor role. 

Thrombosis is thus not considered to be a single Indication but, rather, is a class of indications 
embracing distinct sub-classes for which differing therapeutic agents andyor protocols may be 
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appropriate. Thus, regulatory authorities treat disorders such as, for example, deep vein 

thrombosis, cerebrovascular arterial thrombosis and pulmonary embolism as distinct indications 
for the purposes of licensing medicines. Two main sub-dasses of thrombosis are arterial 
thrombosis and venous thrombosis. Arterial thrombosis includes such specific disorders as acute 
5 coronary syndromes [for example acute myocardial infarction (heart attack, caused by 
thrombosis in a coronary artery)], cerebrovascular arterial thrombosis (stroke, caused by 
thrombosis in the cerebrovascular arterial system) and peripheral arterial thrombosis. Examples 
of conditions caused by venous thrombosis are deep vein thrombosis and pulmonary embolism. 

10 The management of thrombosis commonly involves the use of thrombolytic agents in 
combination with anticoagulants and antiplatelet drugs (inhibitors of platelet aggregation) to lyse 
the newly formed clot and to control future thrombogenesis. Anticoagulants are used also tn the 
treatment of patients thought susceptible to thrombosis, 

>• 

15 Currently, two of the most effective classes of drugs in clinical use as anticoagulants are the 
heparins and the vitamin K antagonists, The heparins are ill-defined mixtures of sulfated 
polysaccharides that bind to, and thus potentiate the action of antithrombin m. Antithrombin HI 
is a naturally occurring inhibitor of the activated dotting factors DCa, Xa, XIa, thrombin and 
probably xna (see Jaques, Pharmacol. Rev. 1980, 31, pp. 99-166). The vitamin K antagonists, 

20 of which warfarin is the most well-known example, act indirectly by inhibiting the post-ribosomal 
carboxylations of the vitamin K dependent coagulation factors n, VTT, IX and X (see Hirsch, 
Sernlru Jftromb. Hemostasia 1986, 12, 1-11). While effective therapies for the treatment of 
thrombosis, heparins and vitamin K antagonists have the unfortunate side effects of bleeding, 
heparin-induced thrombocytopenia On the case of heparin) and marked interpatient variability, 

25 resulting in a small and unpredictable therapeutic safety margin. 

The use of direct acting inhibitors of thrombin and other serine protease enzymes of the 
coagulation system is expected to alleviate these problems. To that end, a wide variety of serine 
protease inhibitors have been tested, including boropeptides, i.e. peptides containing a borcnic 
30 add analogue of en N-acyf-ct-amino add. Shenvr (EP-A-145441 and US 4499082) disclosed that 
certain peptides containing an a-aminoboronic add wens effective inhibitors of elastase and has 
been followed by numerous patent publications relating to boropeptide inhibitors of serine 
proteases. 

35 daeson et al (US 5574014 and others) and Kakkar et al (WO 92/07869 and family members 
including US 5648338) disclose thrombin inhibitors having a neutral Oterminal side chain, for 
example an alkoxyalkyf side chain. The Claeson et al and Kakkar et al patent families disdose 
boronate esters containing the amino add sequence D-Fhe-Pro-BoroMpg [(R>Phe-Pro-BoroMpg], 
which are highfy spedfic inhibitors of thrombin (Deadman et al., J. Med. Chem. 1995, 3B t 1511- 
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1522; Elgendy et al Adv. &p. Med. Btoh (USA) 1993, 340, 173-178). Of these compounds may 
be mentioned in particular Cbz-(R)-Phe-Pro-BoroMpg-OPinacoi (also known as TRISOb), 

The aforementioned US patents (US 5574014 and US 5648338), are incorporated herein by 
5 reference. 

Whilst direct acting thrombin inhibitors have been found useful for the treatment of patients 
susceptible to or suffering from venous thrombosis, the same is not true of arterial thrombosis, 
It is necessary to raise the dosage of thrumbin-inhibitors used in the treatment of venous 
10 thrombosis by many times in order to treat arterial thrombosis. Such raised dosages typically 
cause bleeding, which makes direct acting thrombin inhibitors unsuitable for treating arterial 
thrombosis. Heparin, which primarily acts as a thrombin inhibitor, is also unsuitable to treat 
arterial thrombosis. 

15 It would be desirable to provide an additional antithrombotic drug which is capable of inhibiting 
arterial thrombosis whilst greatly redudng the incidence of serious bleeding problems and 
desirably without any, or any significant, bleeding in the vast majority of patients. As a potential 
reference value for unacceptable bleeding risk, it can be mentioned that, in the case of heparin, 
It is generally accepted that a dosage which leads to an Increase in APTT from the normal control 

20 value of 40s to about 80s to 120s is appropriate for reducing the risk of thrombosis without 
creating an unacceptable risk of bleeding, whereas an increase in APTT to 200s or more is 
unacceptable because of the bleeding risk. (During clinical trials of antithrombotics, the 
tendency to cause excessive bleeding rs monitored from the fall in haemoglobin, the number of 
units of transfusion blood used and also by noting evidence of overt bleeding. It is not usual to 

25 measure bleeding times which would be considered unethical. In the case of heparin , although 
it is true to say that bleeding occurs at high dosages (this often happens inadvertently through 
the administration of a set dose), the bleeding risk does not follow the clotting times absolutely). 

BRIEF SUMMARY OF THE INVENTION 

30 

The invention provides products useful inter a/fa for inhibiting platelet procoagulant activity. The 
invention provides products useful Inter slid for treating arterial thrombosis by therapy or 
prophylaxis. 

35 The present invention provides a salt of a peptide boronic acid of formula (1): 

X-aai-aaSLNH-CH-ECT (I) 
| OH 
R1 
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where: 

X is H (to form NH2) or an amino-protecting group; 

5 

aa 1 Is Phe, Dpa or a wholly or partially hydrogenated analogue thereof; 

aa 2 is an imino acid having from 4 to 6 ring members; and 

10 R 1 fs a group of the formula -(CH2) m -W r where mi$2,3or4 and W is -OH, ^OMe, -OEt or 
halogen (F r Br or I). 

There i$ 3 debate in the literature as to whether boronates in aqueous solution form the trigonal' 
B(OH)2 or 'tetrahedral' B(OH)3" boron Species, but NMR evidence seems to indicate that at a pH 
15 below the first pKa of the boronic acid the main boron species is the neutral B(OH)2- In the 
duodenum the pH is likely to be between 6 and 7, so the trigonal spedes is likely to be 
predominant here. In any event, the symbol -B(OH)2 Indudes tetrahedral as well as trigonal 
boron species. 

20 The invention includes also oral formulations of the salts of the invention. 

According to a further aspect of the present invention, there is provided 3 method of treating 
arterial thrombosis by prophylaxis or therapy, comprising administering to a mammal, especially 
a human, suffering from, or susceptible too, arterial thrombosis a therapeutically effective amount 
25 of a salt of a peptide boronic add of formula (I). 

The anti-arterial thrombotic actfvity of the compounds is considered to comprise inhibition of 
piatetet procoagulant actfvity. The invention accordingly provides a method of inhibiting platelet 
procoagulant activity, comprising administering to a mammal, especially a human, at risk of, or 
30 suffering from, arterial thrombosis a therapeutically effective amount of a salt of a peptide 
boronic add of formula (I). 

The invention also provides the use of a salt of a peptide boronic acid of formula (I) for the 
manufacture of a medicament for treating arterial thrombosis. Further included is the use of a 
35 salt of a peptide boronic acid of formula (I) for the manufacture of a medicament for inhibiting 
platelet procoagulant activity. 
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Other aspects of the invention reside in: an agent for the treatment of arterial thrombosis which 
comprises as an active ingredient a salt of a peptide boronic acid of formula (I); and an agent for 
inhibiting platelet procoagulant activity which comprises as an active ingredient a saft of a 
peptide boronic acid of formula (I). 

5 

The salts of the invention are obtainable by reaction of the add (I) with a strong base. The 
invention thus provides also products obtainable by reaction of an add (I) with a base able to 
form a salt with it and the therapeutic, including prophylactic, use of such products. 

10 The invention includes a method for preparing the salts from the corresponding peptide boronic 
acid as an Intermediate, as well as the intermediate peptide boronic add and a method for 
preparing it 

Further aspects and embodiments of the invention are set forth in the following description and 
15 claims, 

Throughout the description and claims of this specification, the words "comprise" and ^contain" 
and variations of the words, for example "comprising" and "comprises*, mean including but not 
limited to", and are not intended to (and do not) exclude other moieties, additives, components / 
20 integers or steps. 

DETAILED DESCRIPTION OF THE INVENTION 
Glossary 

25 

The following terms and abbreviations are used in this specification: 

a-Aminoboronic acid or Boro(aa) refers to an amino acid In which the CO2 group has been 

replaced by BO2 
30 Arg - arginine 

Cbz- benzyloxycarbonyl 

Cha - cydohexylalanine 

Dcha - dicydohexyialanine 

Dpa - dfphenyialanine 
35 LyS - lysine 

Mpg - 3-methoxypropyigiycyl 

Phe - phenylalanine 
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Pinac - Plnacol - 2,3*^imethyl-2,3-butanediol 

(+)-Pinaned/oi boronate - la,7,7-trimethyl-[laS-{laa, 4a, 6a, 5aa}M,6-methano-l,2- 
benzodioxaborole 

Pro - proline 
5 Thr — thrombin 

The Compounds 

The products of the invention comprise salts of a peptide boronic acid of formula (I): 



15 



.OH 

X-aa^-aa^NH-CH-B^ (I) 



10 



OH 

R 1 

X is a moiety bonded to the N-terminal amino group and may be H to form NH2* The identity of 
X is not critical to the Invention but as a preferred example there may be mentioned 
benzyloxycarbonyl. 

aa l is Phe, Dpa or a wholly or partially hydrogenated analogue thereof. The hydrogenated 
analogues are Cha and D-Dcha. 

A preferred da$S Of products comprises those in which aa 2 is a residue of an imino add of 
20 formula (ID) 



H 2 C CH-COOH (HI), 



N 
I 

H 

where R 11 is -CH2-, CH2-CH2-, -S^O^, -S-C(CH3)2- or -CH2-CH2-CH2-, whfch group when the 
ring 1$ 5 or 6-membered is optionally substituted at one or more -CH2- groups by from 1 to 3 C4- 
C3 alkyi groups. Of these, e^tidine-2-carboxylic add, especially (s)-azetidine-2-carboxylic add, 
25 and more particularly proline are preferred. 
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It will be appreciated from the above that a very preferred class of products consists of those in 

which aal-aa 2 Is Phe-Pro. In another preferred dass, aa 1 -aa 2 is Dpa-Pro. In other products, 

aai-aa 2 is Cha-Pro or Dcha-Pro, Of course, the invention includes corresponding product classes 
in which Pro is replaced by (s)-azetidine-2-cartoxylic acid. 

5 

R 1 is a group of the formula -(CH2) m -W. Integer m is 2, 3 or 4 and W is -OH, -OMe, ~OEt or 
halogen (F, CI, I or, preferably, Br). The most preferred W groups are -OMe and -OEt, 
especially -OMe, It is preferred that m is 3 for all W groups and, indeed, for all compounds of 
the invention. Particularly preferred R* groups are 2-bromoethyl, 2-Chloroethyl, 2-methoxyethyl, 
10 4-bromoebutyl, 4-chlorobutyl, 4-methoxybutyl and, especially, 3-bromopropyl, 3-chloropropyl 
and 3-methoxypropyi. Most preferably, R 1 is 3-methoxypropyl. 2-Ethoxyethyl is another 
preferred R 1 group. 

Accordingly, a very preferred class of salts consists of those of acids of the formula X-Phe-Pro- 
15 Mpg-B(OH)2r especially Cbz-Phe-Pro-Mpg-B(OH)2; also preferred are analogues of these 

compounds in which Mpg is replaced by a residue with another of the particularly preferred Re- 
groups and/or Phe is replaced by Dpa or another aa 1 residue. 

The aa 1 moiety of the salt \$ preferably of R configuration (D-configuration). The aa 2 moiety is 
20 preferably of S configuration (L-configurabon). Particularly preferred salts have aa 1 of R 
configuration and aa 2 of S configuration. The chiral centre -NH-CHCR 1 )^ is preferably of R 
configuration. It is considered that commercial formulations will have the chiral centres In RSR 
arrangement, as for example in the Case of salts of Cbz-Phe-Pro-BoroMpg-OH: 




OMe 

Cbz-(R)-Phe-(S)-Pro-(R)-boroMpg-OH 



25 The salts are obtainable by contacting an acid of formula (I) with a strong base. The invention 
thus contemplates products (compositions of matter) having the characteristics of a reaction 
product of an acid of formula (I) and a strong base* The base is pharmaceutical^ acceptable. 
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As suitable salts may be mentioned: 

1. Alkali metal salts; 

2. Alkaline earth metal salts, for example calcium; 

3. Group III metals; 

4. Salts of strongly basic organic nitrogen-containing compounds, including: 

4A, Salts of guanidines and their analogues; 

4B. Salts of strongly basic amine, examples of which include (i) aminosugans and (ii) 
other amines. 

Of the above salts, the most preferred are alkali metals, especially Na and U r and aminosugars. 

The preferred salts are of the monovalent boronate (i.e. a single one of the B-OH groups is 
ionised) though In practice the monovalent salts may contain a very small proportion of the 
divalent boronate. 

The invention includes therefore products (compositions of matter) which comprise salts of 
formula (H): 



where Y"* Is a pharmaceutical acceptable cation obtainable from a strong base, and aa 1 , aa 2 , X 
and R 1 are as defined above. 

The salts preferably have a solubility of at least 10 mM, more preferably at least 2QmM, when 
their solubility is determined as described in the examples at a dissolution of 25mg/ml. More 
preferably yet they have a solubility of least 50mM when their solubility is determined as 
described in the examples at a dissolution of 50mg/ml. 




i 
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Considering the counter-ions in turn: 
L Alkali metal salts 

5 Suitable aJkali metals include lithium, sodium and potassium. All of these are remarkably soluble. 
Lithium and sodium are particularly preferred because of their high solubility. The lithium and 
particularly sodium salts are of surprisingly high solubility in relation to potassium amongst 
others. Sodium is most preferred. Salts containing mixtures of alkali metaJs are contemplated 
by the invention. 



where M + is an alkali metaf ton and aa 1 , aa 2 , X and R 1 are as defined above, as well as salts in 
which both hydroxy groups of the boronate group are in salt form (preferably with another 
15 identical NT group) and mixtures of such salts. 

2, Alkaline eeth metal salts 

A suitable alkaline earth metal is calcium. As the alkaline earth metals are divalent, they are 
20 usually used in a boronic acid;metai ratio of substantially 2:1, in order to achieve the preferred 
monovalent boronate moiety. Salts containing mixtures of alkaline earth metals are 
contemplated by the invention. The alkaline earth metals are indicated to be of no more than 
moderate solubility and are iess preferred. 

25 The invention includes products comprising salts of the formula; 



The invention includes products comprising salts of the formula 




■O 
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where M 2 * is an alkaline earth metal ion and aa*, aa 2 r X and R 1 are as defined above, as well as 
salts in which both hydroxy groups of the boronate group are in salt form (preferably with 
another identical M*** group) and mixtures of such sate. 

3. group m metal? 

Suitable Group HI metals include aluminium and gallium. Salts containing mixtures of Group III 
metals are contemplated by the invention, The Group III metals may be of no more than 
moderate solubility and are less preferred. 

The invention includes products comprising salts of the formula: 



where M 3 * rs a Group III metal ion and aa l , ea z , X and R 1 are as defined above, as wen as sate 
in which both hydroxy groups of the boronate group are in salt form (preferably wftfi another 
identical M 3+ group) and mixtures of $uch salts. 

4= Stronolv basic organic nitroaen-containino compounds 

TTie invention indudes products obtainable by (having the characteristics of a product obtained 
by) reaction of a peptide boronJc add as defined above and a strong organic base. Two 
preferred classes of organic base are described in sections 4A and 4B beiow, Particularly 
preferred are acid salts (in which one of the two boronic -OH groups is deprotonated). Most 
commonly, the salts contain a single type of organic counter-ion (disregarding trace 
contaminants) but the invention contemplates salts containing mixtures of organic counter-ions; 
in one sub-class, the different counter-ions ail fall within the section 4A family described below 
or, as the case may be, in the section 4B family below; in another subclass, the salts comprise a 
mixture of organic counteMons which are not all from the same family (4A or 4B). 

Suitable organic bases include those with a pkb of 7 or more, e.g. 7.5 or more, for example In 
the region of 8 or more. Bases which are less lipophilic [e.g, have at least one polar functional 
group (e.g, 1, 2 or 3 such groups) for example hydroxy] are favoured; thus aminosugars are one 
favoured class of base. 

4A. Guanldines and their analogues 
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The guanidino compound may in principle be any soluble and pharmaceutfcally acceptable 
compound having a guanidino or a substituted guanidino group, or a substituted or 
unsubstituted guanidine analogue. Suitable substituents include aryl (e.g. phenyl), aJkyl or alfcyl 
5 interrupted by an ether or thioether linkage and, in any event, typically contain from 1 to 6 and 
especially 1, 2, 3, or 4 carbon atoms, as in the case of methyl or ethyl. The guanidino group 
may have 1, 2, 3 or 4 substituent groups but more usually has 1 or 2 substituent groups, 
preferably on a terminal nitrogen. One class of preferred guanidine is monoalkylated; another 
class is dialkylated. As guanidine analogues may be mentioned thioguanidines and 2-amino 
10 pyridines. Compounds having unsubstituted guanidino groups, for example guanidine and 
arginine, form one particularly preferred class, 

Salts containing mixtures of guanidines are contemplated by the invention. 

15 The guanidino compound is preferably L-arginine or an L-arginine analogue, fbr example D- 
arginlne, or the D- or, preferably, L- isomers of homoargmine or agmatine [(4-aminobutyl) 
guanidine]. Less preferred arginine analogues are NG-nitro-L-arginine methyl ester, for ©cample, 
and constrained guanidine analogues, particularly 2-amino pyrimidines, for example 2,6- 
quinazolinediamines such as S/e^.B-tetrahydro-^e-quinazolinediamine, for example. The 

20 guanidino compound may also be a peptide, for example a dipeptide, containing arginine; one 
such dipeptide is L-tyrosyl-L-arginlne. 

L. 

Some particularly preferred guanidino compounds are compounds of formula (IV)-' 



where n is from 1 to 6 and preferably at least 2, e.g. 3 or more, and preferably no more than 5. 
25 Most preferably, n is 3, 4 or 5. R 2 is H or carboxyiate or derivatised carboxylate, for example to 
form an ester (e.g. a Q-Q alkyl ester) or amide. R 3 is H, Cj-C* alkyi or a residue of a natural or 
unnatural amino acid (e.g- tyrosine). The compounds of formula (IV) are usually of L- 
configuration. The compounds of formula (IV) are arginine (n=3; R*=carboxyl; R 3 -H) and 
arginine derivatives or analogues. 




NHR 3 



30 



The invention includes products comprising salts of the formula 
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^aaJ-aa^H^H-B: 



OH 



G* (V) 



where aa\ aa 2 , X and ft 1 are as defined previously and G + is the protonated form of a 
pharmaceutical acceptable organic compound comprising a guanidino group or an analogue 
thereof, as well as salts in which both hydroxy groups of the boronate group are in salt form 
5 (preferably with another identical G + group) and mixtures of such salts. 

4B. Strongly basic amines 

The invention includes products obtainable by (having the characteristics of a product obtained 
10 by) reaction of a peptide boronic acid as defined above and a strong organic base which is an 
amine. The amine may in principle be any soluble and pharmaceutical ly acceptable amine. 

It is envisaged that a desirable dass of amine includes those having polar functional groups in 
addition to a single amine group, as such compounds will be more hydrophiiic and thus more 
15 soluble than others. Preferably, the or each additional functional group is hydroxy. Some 
amines have 1, 2, 3, 4 f 5 or 6 additional functional groups, especially hydroxy groups. In one 
particularly preferred class of amines the ratio of (amino plus hydroxy groups) ;carbon atoms is 
from 1:2 to the latter ratio being particularly preferred. These amines with one or more 
additional polar functional groups may be a hydrocarbon, especially an alkane, substituted by the 
20 amino group and the additional polar group(s). The amino group may be substituted or 
unsubstituted end, excluding amino substituents, the polar base may contain, for example, up to 
10 carbon atoms; usually there are no less than three such carbon atoms, e.g. 4, 5 or 6. 
Aminosugars are included in this category of polar bases. 

25 The invention includes products comprising salts of the formula 




(VI) 
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where aa 1 , aa 2 , X and R 1 are as defined previously and A* is the protonated form of a 
pharmaceutical!/ acceptable amine, as well as salts in which both hydroxy groups of the 
boronate group are in salt form (preferably with another Identical A* group) and mixtures of 
such salts. In one class of such products. A 4 is tfie protonated form of an amine described In 
section 4B(i) below; in another dass A 4 is the protonated form of an amine described in 4B(ii) 
below 

Two preferred classes of amine base are described in sections 4B(!) and 4B(ii) below. 
Particularly preferred are acid salts (in which one of the two boronlc -OH groups is 
deprotonated). Most commonly, the safts contain a single type of amine counter-ion 
(disregarding trace contaminants) but the invention contemplates salts containing mixtures of 
amine counteMons; in one sub-class, the different counter-ions ail fall within the sub-section 
4B(i) family described below Or, as the case may be, in the sub-section 4B(ii) family below; in 
another subclass, the salts comprise a mixture of organic counter-ions which are not all from the 
same family (4B(i) or 4B(ii)). 

4Bp) Aminosugans 

The identity of the aminosugar is not critical to the invention, Suitable aminosugars 
include ring-opened sugars, especially gfucamines. Cyclic aminosugars are also 
envisaged as useful, One class of the aminosugars is N-unsubsticuted and another, 
preferred, dass is N-substrtuted by one or two N-suhstituents (preferably one). Suitable 
substituents are hydrocarbyl groups, for example and without limitation containing from 
1 to 12 carbon atoms; the substituents may comprise alkyf or aryl moieties or both. 
Preferred substituents are Q, Ci, Ca, Q, C 5 , Q, C7 and Cs alkyl groups, in particular 
methyl and ethyl, of which methyl is most preferred. Data indicate that aminosugars, 
especially N-methyl-D-glucamine, are of surprisingly high solubility. 

A most preferred aminosugar is N-methyi-D-giucaminer 



4B(ii) Other amines 

Other suitable amines include amino acids (whether naturally occurring or not) whose 
side chain is substituted by an amino group, especially lysine. 
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Some amines are compounds of formula (VII): 

NHR 3 

H^-(CHA-|C H m 
R 2 

where n, R 2 and R 3 are as defined in relation to formula (IV). The compounds of 
formula (VI) are usually of L-oonfiguration. The compounds of formula (VI) are lysine 
(n=4; R*=carboxyI; R 3 «H) and lysine derivatives or analogues. A most preferred amine 
fs L-lysrne. 



Other suitable amines are nitrogen-containing heterocycles. At least usually, such 
heterocyclic compounds are allcydic; one class of the heterocyclic compounds fs N- 
substituted and another, preferred, dass is N-unsubstftuted. The heterocycles may 
10 contain 6 ring-forming atoms, as In tfie cases of piperitftne, piperazlne and morpholine. 

One class of amines includes N-containing heterocycles substituted by polar substituents, 
especially hydroxy, e.g. 1, 2 or 3 times. 

The invention therefore includes amines other than aminosugars which have one or 
15 more (eug. i, 2, 3, 4, 5 or 6) polar substituents, especially hydroxy, in addition to one 

amine group. Such compounds may have a ratio of (amino plus hydroxy groups): carbon 
atoms of 1:2 to 1:1, the latter ratio being particularly preferred. 

The invention includes mixed salts, i.e. salts containing a mixture of boropepQde moieties and/or 
■ 20 oounterlons but single salts are preferred. 

The salts in solid form may contain water. 

Use of the Compounds of Formula (I) 

25 

The invention provides a method for inhibiting platelet pro-coagulant activity by administering a 
compound of formula (I) to a mammal at risk of, or suffering from, arterial thrombosis, 
particularly a human patient. A/so provided is the use of the compounds for the manufacture of 
medicaments for inhibiting platelet procoagulant activity. 

j 30 

i The novel use of the compounds of formula (I) as inhibitors of platelet pro-coagulant activity is 

predicated on the observation that they are effective at inhibiting arterial, as distinct from 
venous, thrombosis. 
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Indications involving arterial thrombosis include acute coronary syndromes {espedafly myocardial 
infarction and unstable angina), cerebrovascular thrombosis and peripheral arterial occlusion and 
arterial thrombosis occurring as a result of atrial fibrillation, valvufar heart disease, arterio- 
venous shunts, indwelling catheters or coronary stents. Accordingly, in another aspect the 
5 invention provides a method of treating a disease or condition selected from this group of 
indications/ comprising administering to a mammal, especially a human patient, a compound of 
formula (I). The invention Includes products for use in an arterial environment, e.g. a coronary 
stent or other arterial implant; having a coating which comprises a compound of formula (I). 

10 The compounds of formula (I) may be used prophylactfeally to treat an individual believed to be 
susceptible to arterial thrombosis or a condition or disease involving arterial thrombosis or 
therapeutically (including to prevent re-occurrence of thrombosis or secondary thrombose 
events), 

IS Administration and Pharmaceutical Formulations 

The compounds of formula (I) may be administered to a host. In the case of larger animals, 
such as humans, the compounds may be administered alone or in combination with 
pharmaceutical^ acceptable diluents, excipiente or carriers. The term ^pharmaceutical^ 
20 acceptable" rndudes acceptability for both human and veterinary purposes, of which acceptability 
for human pharmaceutical use is preferred. 

The products of the invention are envisaged as having use to obtain an arterial anti- 
thrombogenic effect. For chronic oral use, at least for humans, the envisaged plasma 

25 concentration is at least 0.15 p.g/ml and typically 0.3 to 1 jig/ml, e.g, 0.3 to 0.7 jog/ml. The 
chronic plasma concentrations are considered to correspond to daily oral dosages of at least 4 
urnol/kg, often at least S jumol/kg/ and in some cases IS nmol/kg or more. It Is envisaged that 
the daily oral dosage Is unlikely to exceed 40 pmol/kg of body weight and will more typically be 
at least about 4 jimol/kg and typically from about 8 pmol/kg to about 30 ^ol/kg of body 

30 weight, e.g. about 15 jimol/kg to about 30 M mo//kg of body weight, it is considered that the 
most likely dally dosage for an adult human will be from 15 (omol/kg to about 22.5 ^mol/kg. The 
aforesaid dosages refer to the number of moles of the peptide boronate cation of the acid of 
formula (I) per kg of body weight. 

35 In another aspect; the invention includes pharmaceutical formulations in unit dosage form for 
oral administration calculated for a 70 kg adult and thus comprising a compound of formula (I) in 
an amount of at least 280 jimol per unit and typically no more than 2800 jimol per unit. More 
usually, the mass per unit will correspond to from 550 ^moi to 2100 urnol, especially 1050 ^mol 
to 2100 pimoL The invention includes a package comprising an oral pharmaceutical formulation 
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containing a compound of formula (I) and instructions to take an amount of the formulation 
(e.g. numbers of units, for example tablets or capsules) sufficient for Ingestion of at least 280 
^mol of the compound and typically no more than 2800 ^mol per unit More usually, the 

instructions will be to take an amount sufficient for ingestion of from 550 junol to 2100 jimoi, 
5 especially 1050 pmol to 2100 ^mol, of the active compound Of course, the invention includes 

unit dosage formulations and packages calculated on an adult weight of 60 kg. 

In the case of oral administration, the compounds may be administered in a form which prevents 
the salt of the invention from contact with the acidic gastric juice, such as entericaliy coated 
10 formulations, which thus prevent release of the salt of the invention until it reaches the 
duodenum. Any enteric coating is suitably made of carbohydrate polymers or polyvinyl 
polymers, for example. Examples or enteric coating materials include, but are not limited to, 
cellulose acetate phthalate, cellulose acetate succinate, celluJose hydrogen phthalate, cellulose 
acetate trimeJlitate, ethyl cellulose, hydroxypropyi-methyicellulose phthalate, 
15 hydroxypropylmethylcellulose acetate succinate, carboxymethyl ethylcellulose, starch acetate 
phthatate, amylose acetate phthalate, polyvinyl acetate phthalate, polyvinyl butyrats phthalate, 
styrene-maleic add copolymer, methyl-acrylate-methacrylrc acid copolymer (MPM-05), 
methylacrylate-methaavlic acid-methylmethacrylate copolymer (MPM-06), and 
methylmethacrylate-memacrylic add co-polymer (Eudragit® L & S). Optionally, the enteric 
20 coating contains a plasticiser. Dcamples of the plastlciser indude, but are not limited to, triethyl 
Citrate, triacetin, and diethyl phthalate. 

The compounds of formula (I) may also be combined and/or co-administered with any 
antithrombotic agent with a different mechanism of action, such as the antiplatelet agents 
25 acetylsalicylic acid, tidopidine, dopidogrel, thromboxane receptor and/or synthetase inhibitors, 
fibrinogen receptor antagonists, prostacyclin mimetics and phosphodiesterase inhibitors and 
ADP-receptor (P 2 T) antagonists. 

The compounds of formula (I) may further be combined and/or co-administered with 
30 thrombolytics such as tissue plasminogen activator (natural, recombinant or modified), 
streptokinase, urokinase, prourokinase, anisoylated plasminogen-streptokinase activator complex 
(APSAC), animal salivary gland plasminogen activators, and the like, In the treatment of 
thrombotic diseases, in particular myocardial infarction. 

35 Typically, therefore, the products of the Invention may be administered to a host to obtain a 
thromblrHnhibitory effect. 

Actual dosage levels of active ingredients in the pharmaceutical compositions of this Invention 
may be varied so as to obtain an amount of the active compound(s) ttat is effective to achieve 
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the desired therapeutic response for a particular patient, compositions, and mode of 
administration. The selected dosage level will depend upon the activity of the particular 
compound, the severity of the condition being treated and the condition and prior medical 
history of the patient being treated* However, it is within the skill of the art to start doses of the 
compound at levels lower than required for to achieve the desired therapeutic effect and to 
gradually Increase the dosage until the desired effect is achieved. 

According to a further aspect of the invention there is thus provided an oral pharmaceutical 
formulation including a product of the invention, in admixture with a pharmaceutical^ acceptable 
10 adjuvant, diluent or carrier. 

Solid dosage forms for oral administration include capsules, tablets, pills, powders and granules. 
In such solid dosage forms, the active compound is typically mixed with at least one inert, 
pharmaceutical^ acceptable excipient or carrier such as sodium citrate or dicalcium phosphate 
15 and/or one or more: a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol 
and silicic acid; b) binders such as carboxymethylcellulose, alginates, gelatin, 
polyvinylpyrrolidone, sucrose and acacia; c) humectants such as glycerol; d) disintegrating 
agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain 
silicates and sodium carbonate; e) solution retarding agents such as paraffin; f) absorption 
20 accelerators such as quaternary ammonium compounds; g) wetting agents such as cetyl alcohoi 
and glycerol monostearate; h) absorbents such as kaolin and bentonrte clay and i) lubricants 
such as talc, calcium sbearate, magnesium stearate, solid polyethylene glycols, sodium lauryl 
sulfate and mixtures thereof. In the case of capsules, tablets and pills, the dosage form may 
also comprise buffering agents. Solid compositions of a similar type may also be employed as 
25 filfers in soft and hard-filled gelatin capsules using such excipients as lactose or rnilk sugar as 
well as high molecular weight polyethylene glycol, for example. 

Suitably, oral formulations may contain a dissolution aid. The dissolution aid is not limited as to 
its identity so long as it is pharmaceutical^ acceptable. Examples include nonionic surface active 

30 agents, such as sucrose fatty acid esters, glycerol fatty acid esters, sorbitan fatty acid esters 
(e.g., sorbitan trioleate), polyethylene glycol, polyoxyethyiene hydrogenated castor oil, 
pofyoxyethylene sorbitan fatty acid esters, polyoxyethyiene alkyl ethers, methoxypolyoxyethylene 
alkyf ethers, polyoxyethyiene alkylphenyl ethers, polyethylene glycol fatty acid esters, 
polyoxyethyiene aikylamfnes, pofyoxyethylene alkyl thioethers, polyoxyethyiene 

35 polyoxypropylene copolymers, polyoxyethyiene glycerol fatty acid esters, pentaerythritol fatty 
add esters, propylene glycol monofatty acid esters, polyoxyethyiene propylene glycol monofatty 
acid esters, polyoxyethyiene sorbitol fatty acid esters, fatty acid alkylolamides, and alkylamine 
oxides; bile acid and salts thereof (e.g,, chenodeoxycholic add, cholic add, deoxychoilc acid, 
dehydrocholic acid and salts thereof, and glycine or taurine conjugate thereof); Ionic surface 
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active agents, such as sodium laurylsulfate, fatty acid soaps, alkyisulfonates, alkylphosphates, 

ether phosphates, fatty add salts of basic amino acids; triethanolamine soap, and alkyl 

quaternary ammonium salts; and amphoteric surface active agents, such as betaines and 

aminocarboxylic acid salts. 

5 

It is contemplated that the compounds of formula (I) might be formulated for oral administration 
using fipophilic or amphiphilic carriers or exciplents, and as exemplary carriers or exdpients may 
be mentioned non-ionic surfactants, e-g ethoxylated ghycerides (suitably but not necessarily 
containing between 10 and 16 ethoxy groups) such as polyglycolised glyoerides. Suitable 

10 polyglycolised glycerides are sold under the trade mark Geludre®. Other contemplated carriers 
or exdpients are poloxamers (i.e. potyoxyethyiene-polyoxypropylene copolymers), pneferably 
containing between 70% and 80% by weight of the polyoxyethylene portion. For example, a 
solid dispersion of the active compound in the poloxamer (e.g. poloxamer F108) may be 
dispersed in hydroxypropylmethylceilulose or another water-sweltable polymer. The solid 

15 dispersion may contain a surfactant (e.g. sodium lauryi sulfate). The pofymer dispersion may 
form the core of a tablet and be coated with a polymeric coaling (e.g. that sold under the trade 
mark Eudragit)®. Suitable formulations are described in wo 99/26652 (Danbiosyst), 
Alternative formulab'ons are described in WO 97/02017 and its national phase equfvalents (Ban 
Corporation). The US national phase applications derived from these International applications 

20 are incorporated herein by reference. 

The peptide boronic acid may be in finefy divided solid form, For example it may be micronised. 

The active compounds may also be in micro-encapsulated form, if appropriate, with one or more 
25 of the above-mentioned exdpients. 



Liquid dosage forms for oral administration include pharmaceutical^ acceptable emulsions, 
solutions, suspensions, syrups and eRxrrs. In addition to the active compounds, the liquid 
dosage forms may contain inert diluents commonly used in the art such as water or other 

30 solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl 
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, 
dimethyl fbrmamide, oils (in particular, cottonseed, groundnut; corn, germ, olive, castor, and 
sesame oils), glycerol, tetrahydrgfurfuryl alcohol, polyethylene glycols and fatty acid esters of 
sorbite n and mixtures thereof. Besides inert diluents, the oral compositions may also indude 

35 adjuvants such as wetting agents, emulsifying and suspending agents, sweetening, flavouring 
and perfuming agents. Suspensions, in addition to the active compounds, may contain 
suspending agents such as ethoxylated tsostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
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esters, macrocrystalline cellulose, aluminium metahydroxide, bentonite, agar-agar, and 
tragacanth and mixtures thereof. 

The active compound may be given as a single dose, in multiple doses or as a sustained release 
5 formulation. 

Further provided by the invention is an isolated compound which is a peptide boronic add of 
formula (I). The isolated compound may be sterile. The isolated compound may be formulated 
Into a pharmaceutical composition. 

10 

Another aspect of the invention resides In a particulate composition consisting predominantly of 
a peptide boronic add of formula (I), the peptide boronic acid preferably forming at least 75% 
by weight of the composition, more preferably at least 85% by weight of the composition, and 
most preferably at least 95% by weight of the composition. The composition may be sterife. 
15 The particulate compound may undergo formulating into a pharmaceutical composition. 

Also included in the invention are sterile liquid compositions consisting of, or consisting 
essentially of, a peptide boronic acid of formula (I) and liquid vehicle in which it is dissolved or 
suspended- The liquid vehicle may be an aqueous medium, e.g. water, or an alcohol, for 
20 example methanol, ethanol, isopropanof or another propanoic another alkanol or a mixture of the 
aforegoing. Such compositions may be processed into a pharmaceutical formulation. The 
compositions may be sterile. 

Synthesis 

i PepWe Synthesis 

The synthesis of boropeptides, including, for example, Cbz-D-Phe-Pro-BoroMpg-OPinacol is 
familiar to those skilled in the art and described In the prior art mentioned above, including 
30 Claeson et al (US 5574014 and others) and Kakkar et al (WO 92/07669 and family members 
including US 5648338). It is described also by Elgendy et al Adis. Exp. Med. BtoL (USA) 1993, 
340, 173-178; Claeson,G. et al Bfochem.J. 1993, 290, 309-312; Deadman et al J. Enzyme 
Inhibition 1995, 9, 29-41, and by Deadman et a! 1 Med. Chem, 1995, 38, 1511-1522, 

35 stereoselective synthesis with S or R configuration at the chiral B-terminal carbon may be 
conducted using established methodology (Elgendy et al Tetrahedron. Lett. 1992, 33 f 4209- 
4212; WO 92/07869 and family members including US 5648338) using (+) or (— > pinanediol as 
the chirai director (Matteson e t al J. Am. Chem. Soc 9 1986, 108, 810-819; Matteson et al 
Otyanometailics.. 1984, 3, 1284-1288). Another approach is to resolve the requisite 
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aminobononate intermediate (e.g. Mpg-BOPinacoJ) to selectively obtain the desired (R)-isomer 
and couple it to the dipeptide moiety (e.g. Cbz-fRj-Phe-CS^Pro, which is the same as Cbz-D-Phe- 
L-Pro) which will form the remainder of the molecule. 

5 The boropeptides are typfcally synthesised initially in the form of boronic acid esters, particularly 
esters with dlols. Such diol esters may be converted to the peptide boronic acid as described 
next. 

2. Ester to Ac id Conversion 

10 

A peptide boronate ester such as Cbz-D-Phe-Pro-BcroMpg-OPinacol may be hydro fysed to form 
the corresponding add, for example as described In Example 1 below, Section H, 

A novel technique for converting a diol ester of a peptide boronic acid of formula (I) into the acid 
15 comprises dissolving the diol ester in an ether and particularly a dialkyl ether P reacting the thus- 
dissolved diol with a diolamine, for example a dialkanolamine, to form a product precipitate, 
recovering the precipitate, dissolving it in a polar organic solvent and reacting the thus-dissolved 
product with an aqueous add to form the peptide boronic add. The boronic add may be 
recovered from the organic layer of the mixture resulting from the reaction, for example by 
20 removing the solvent; e.g. by evaporation under vacuum or distillation. The reaction between 
the diol ester and the diolamine may be carried out under reflux, for example. 

The identity of the dioi is not critical to the invention. As suitable diols may be mentioned 
aliphatic and aromatic compounds having hydroxy groups that are substituted on adjaoent 

25 carbon atoms or on carbon atoms substituted by another carbon. That is to say, suitable diols 
indude compounds having at least two hydroxy groups separated by at least two connecting 
carbon atoms in a chain or ring. A particularly preferred diol is plnacol and other exemplary diols 
include plnanediol (also a preferred dial), neopentylglycai, diethanolamine, 1,2-ethanediol, 1,2- 
propanediol, 1,3-propanediol, 2,3-butanedfol, 1,2-diisopropylethanediol, 5,6-decanediol and 1,2- 

30 dicyclohexylethanediol. 

The alk/l groups of the dialkyl ether preferably have 1, 2, 3 or 4 carbon atoms and the aJkyi 
groups may be the same or different- A most preferred ether is diethyl ether. 

35 The alkyi groups of the dialkanolamine preferably have 1, 2, 3 or 4 carbon atoms and the alkyi 
groups may be the same or different. A most preferred dialkanolamine is diethanolamine. 

The polar organic solvent is preferably CHCIj. 
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The aqueous add is suitably a strong inorganic acid at a pH in the region of 1; hydrochloric acid 
is most preferred. 

After reaction witti the acid, the reaction mixture is suitably washed with, for example, NH 4 CI . 

5 

A preferred procedure is as follows 

1. The pinacol ester of the selected peptide boronic add is dissolved in diethylether. 

2. Diethanolamine is added and the mixture is nefluxed at 40 °C. 

3. The precipitated product is removed, washed (usually several times) with diethylether and 
1 0 dried (e.g. by evaporation under vacuum). 

4. The dry product is dissolved in CHCI*. Hydrochloric add (pH 1) is added and the mixture is 
stirred approximately lh at room temperature. 

5. The organic layer is removed and washed with NH 4 Q solution. 

6. The organic solvent is distilled off and the residual solid product Is dried. 

15 

The above process results in the formation of an esteramide of the peptide boronic adds of 
formula (I), especially ester-amides with diethanolamine, and such ester-amides am themselves 
included in the invention. 

20 The invention provides also the use of a peptide boronic acid of formula (I) to make a salt of the 
invention, Included also is a method of preparing a product of the invention, comprising 
contacting a peptide boronic acid of formula (I) with a base capable of making such a salt 

The peptide boronic acid of formula (I) is typically of GLP or GMP quality, or in compliance with 
25 GLP (good laboratory practice) or GMP (good manufacturing practice); such acids are included in 
the invention. 

Similarly, the acids are usually sterile anchor acceptable for pharmaceutical use, and one aspect 
of the invention resides in a composition of matter which is sterile or acceptable for 
30 pharmaceutical use, or both, and comprises a peptide boronic acid of formula (I). Such a 
composition of matter may be in particulate form or in the form of a liquid solution or dispersion. 

The intermediate add may be in isolated form and such isolated acids are induded in the 
invention, especially isolated compounds which are a peptide boronic acid of formula (II): 

35 

X«(R)-Phe-(S)-Pm^R)-Mpg-B(OH) 2 (II) 
wherein X is H (to form NH 2 ) or an amino-protectlng group. 
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One typical way of providing the intermediate acids is as a particulate composition consisting 
predominantly of such a peptide boronic acid, and these compositions are included 'm the 
invention. The peptide boronic acid often forms at least 75% by weight of the composition and 
5 typically at least 85% by weight of the composition, e.g. at least 95% by weight of the 
composition. 

Another typical way of providing the intermediate adds is as a liquid composition consisting of r 
or consisting essentially of, a peptide boronic acid of formula (I) and a liquid vehicle in which it is 
10 dissolved or suspended. The liquid vehicle may be an aqueous medium, e.g. water, or an 
alcohol, for example methanol, ethanol, feopropanol or another propanol, another aikanoJ or a 
mixture of the aforegoing. 

The compositions of the intermediate acids are generally sterile. The compositions may contain 
15 the peptide boronic add in finely divfded form, to facilitate further processing, 

3. Salt Synthesis 

The salts may be prepared by contacting the relevant peptide boronic add with a strong base 
20 appropriate to form the desired salt. In the case of metal salts, the metal hydroxides are 
suitable bases (alternatively, metal carbonates might be used, for example), whilst salts with 
organic bases may be prepared by contacting the peptide boronic add wfth the organic base 
itself. The preferred salts of the Invention are add salts (one -BOH proton replaced) and, to 
make these salts, the add and the base, if monovalent, are usually reacted in substantially 
25 equirnolar quantities; where calcium or another divalent cation is used, the usual arid:base molar 
ratio is substantially 2:1, whilst the usual add: base molar ratio is substantially 3:1 for aluminium 
or another bivalent cation. Generally stated therefore, the usual add base molar ratio is 
substantially ml, where n is the valency of the cation of the base. 

30 Typically/ a solution of the peptide boronic add in a water-miscible organic solvent, for example 
acetonitrile or an alcohol (e.g. ethanol, methanol, a propanol, espedally Iso-propanol, or another 
alkanol) r is combined with an aqueous solution of the base. The add and the base are allowed 
to react and the salt is recovered. The reaction is typically carried out at ambient temperature 
(e.g. at a temperature of from 15 to 25*C), but an elevated temperature may be used, for 

35 example up to the boiling point of the reaction mixture but more usually lower, e.g. a 
temperature of up to 40°C or 50°C The reaction mixture may be allowed to stand or be 
agitated (usually stirred). 
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The time during which the acid and the base are allowed to react is not critical but ft has been 
found desirable to maintain the reaction mixture for at least one hour. A period of from one to 
two hours is usua/Iy suitable but longer reaction times are included in the Invention. 



5 The salt may be recovered from the reaction mixture by any suitable method, for example 
evaporation, precipitation or crystallisation, In one preferred technique, the salt is recovered by 
evacuating the reaction mixture to dryness. The salt is preferably thereafter purified, for 
example by redissolving the salt before filtering the resulting solution and drying it; for example 
by evacuating it to dryness or freeze drying. The redissolution may be performed using water, 
10 e.g. distilled water. The salt may then be further purified, for example in order to remove 
residual water by further ^dissolution in a suitable solvent, which is advantageously ethyl 
acetate followed by evaporating to dryness. The purification procedure may be carried out at 
ambient temperature (say, 15 to 25°C), or at a modestly elevated temperature, such as e.g. a 
temperature not exceeding 40°C or 50°C; for example the salt may be dissolved in water and/or 
15 solvent by agitating with or without warming to, for example, 37°C 

The invention includes a method for drying the salts of the invention and other peptide boronic 
acid salts, comprising dissolving them in ethyl acetate and then evaporating to dryness, e.g. by 
evacuation. 

20 

A preferred general procedure for synthesising salts of Cbz-Phe-Pro-BoroMpg-OH is as follows: 

Cbz-Phe-Pro-BoroMpg-OH (2Q.00g, 38,lmM) is dissolved in acetonitrile (200ml) with stirring at 
room temperature. To this solution is added the requisite base as a 0.2M solution (0.1M for a 

25 divalent cation; 0.67M for a trivalent cation) in distilled water (190ml). The resultant dear 
solution is allowed to react for example by being left to stand or being agitated, for a usual 
period, in either case, of from one to two hours. The reaction is typically carried out at ambient 
temperature (e.g. 15-25°C) but alternatively the temperature may be elevated (e.g. up to 30°C, 
40 d C or 50°C). The reaction mixture is then evacuated to dryness under vacuum with its 

30 temperature not exceeding 37°C. The resultant oil/tacky liquid is redissolved in the minimum 
amount of distilled water necessary (200ml to 4L), typically with warming (e.g. to 30-40*0), 
usually for up to 2 hours. The solution is filtered, suitably through filter paper, and evacuated to 
dryness, again with the temperature of the solution not exceeding 37 C C, or freeze dried, The 
resultant product is dried under vacuum overnight to normally yield a white brittle solid. If the 

35 product is present as an oil or tacky solid then it is dissolved in ethyl acetate and evacuated to 
dryness to produce the product as a white soiid. 
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25 

In variations of the aforegoing general procedure, the acetonitrile is replaced by another water- 
mfscible organic solvent, notably an alcohol, as discussed above, especially ethanoi, methanol, 
iso-propanol or another propanol. 

5 Separation of Stereoisomers 

The stereoisomers of a peptide boronfc acid or a synthetic intermediate amfnoboronate may be 
resolved in, for example, any known way. Accordingly, they may be reserved by 
chromatography (HPLC) or salt crystallisation. 

10 

examples 

The following compounds are referred to in the Examples: 

15 TRISOb - Cbz-Phe-Pro-BoroMpg-OFinacol. 

TRI50C - Cbz-Phe-Pro-BoroMpg-OH. This Is the free acid of TRISOb- 

It is considered that the TRISOb and TRI50c featured in the examples are at least predominantly 
of the most active isomer, considered to be of RSR (DLD) configuration, as discussed above. 

20 

The solubility data presented in the examples were obtained from salts made using a 
modification of the salt preparation process described in the examples. The modified process 
differs from that described in the examples in that IDOmg of TRlSDc was used as starting 
material, the product of the redissolution in water was dried by freeze drying and the filtration 
25 was carried out through a 0*2jjm filter. The safts for which solubility data are presented are 
believed to contain about 85% of the most active isomer, considered to be of RSR configuration- 
When repeated with very pure active isomer salts obtained using the procedure described in the 
example from isomericaily pure TRISOc, the solubility data were the same as those presented 
within experimental enror or very slightly higher. 

30 

EXAMPLE 1 - 5YIVTHESIS OF TRI50C 
A. 3-METHOXTPROPENE 
35 1. REAGENTS AND CONSUMABLES 
1.1 SPECIFICATIONS 



1,4-D/oxan (SP5). 
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To/uene, AR grade. 
Ally! Alcohol. 

5 

Sodium Hydride as 60% dispersion In mineral oil. It should be a pale grey powder. Overall white 
colour indicates decomposition, 

Dimethyl sulphate. 

10 

Magnesium sulphate dried (SLR). 

Water, standard laboratory purified water is used throughout 

15 Nitrogen, laboratory oxygen free grade which Is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with seff 
indicating silica gel when required to be dry. 

20 

1.2 PURIFICATION OF REAGENTS 

AJI glassware used in these purification steps is heated at 14O-160°c for at least 4 hours and 
then cooled In a desiccator or by assembling while hot and purging with a stream of dry nitrogen 
before use. 

25 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure. 

30 Af! glassware is heated at H0-160 Q C for at least 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

TTie mechanical stirrer should be of sufficient torque to stir a viscous suspension. The starrer arm 
should be fitted to the flask through a quickfit sleeve with inert oil seal. 

35 



Reaction is conducted in a three necked flask, to allow overhead stirring,, inert gas purge and 
sodium hydride addition. A heating mantle of appropriate sire is required. 
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3 PROCEDURE 
3.1 PREPARATION 

To a mechanically stirred cooled solution under nitrogen with a gas outlet and fitted with a water 
5 condenser of aflyl alcohol (107.8ml, 1.59mo!) and dimethylsulphate (200ml, 1.59moI, i.eq.) in 
1,4-dioxane (1L) is added, portionwise NaH (60% dispersion In mineral oil, 63.5g, 1.5917101, 
leq.). Cane Is taken that the reaction temperature remains at or below room temperature and 
the reaction is stirred until effervescence has ceased. 

10 3.2 PURIFICATION AND WORK-UP 

The slurry is stirred/ carefully. Into ice (1L), and extracted with toluene (3x5D0ml). The organic 
phase is heated (mantie) with a fractionation column, to cfistsi off at atmospheric pressure the 
metfioxypropene, b.p. 45-60^, Heating should be observed to keep the vapour temperature in 
the 45-60°C range, since unreacted allyl alcohol distils at 96-98°C- 

3-3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The distilled 3-methoxypropene should be checked by *H NMR. spectroscopy. 

B- 3 - M ETHQXYPRQPYL BORONATE CATECHOL ESTER 

20 

1 REAGENTS AND CONSUMABLES 

1.1 SPECIFICATIONS 

Catecholborane. The appearance should be a low melting (m.p. 12°Q solid. 

25 

3-rnettioxypropene. The appearance should be a clear volatile liquid. It must be stored at below 

Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
30 Indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

35 2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure. 
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A heat gun or water bath is required to prewarm the bottle of catecholborane. 

All glassware must be heated at 140-160°C for at least 4 hours before use and then cooled 
either in a desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

5 

3 PROCEDURE 
3.X PREPARATION 

10 To 3-methoxypropene C^Og, 1.66mol) in a ll flask cooled in an ice bath and fitted with a 
condenser, is added, dnopwise by dry transfer via a dropping funnel, catecholborane (I99.6g, 
leqO (which is prewarmed, If neoessary, to give a liquid) and left overnight at room 
temperature. Careful addition of the catecholborane is necessary as the reaction can become 
violently exothermic. 

15 The mixture Is heated at 60-70OC for 24hrs. The mixture is allowed to cool to room temperature. 

3.2 PURIFICATION AND WORK-UP 

There is no purification at this stage. Used immediately. 

20 3.3 CHARACTERISATION AN D CONFIRMATION OF PRODUCT 

The catechol 3-methoxypnopyl boronate should be Checked by 1 hi NMR spectroscopy, oc Signals 
should be observed as follows;- 



$60 


Signal Pattern 


Assignment 


7.13 


4H, multlplet 


Ph 


3.4 


2H, multiplet 


CHjOMe 


3.39 


3H, singlet 


OMe 


1.92 


2H, multiplet 


£Hi 


1.29 


2H, multiplet 











25 Observation of other signals would be Indicative of impurities 

C. 3-METHOXYPRQPYL BORONATE PINACOL ESTER 
1 REAGENTS AND CONSUMABLES 

30 
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1-1 SPECIFICATIONS 

Pinacol. 

5 Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

10 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents Is used for this preparation procedure. 

15 All glassware must be heated at H0-l60°C for at least 4 hours before use and then cooled 
either in a desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 



20 3 PROCEDURE 

3.1 PREPARATION 

To catechol 3-methoxypropaneboronate (1.66mol, from section B2) is added, at QOQ, pinacol 

{l26g, leq). The solution is stirred at 0°C for Ihr. Remove the ice bath and leave at room 
25 temperature overnight. 

3.2 PURIFICATION AND WORK-UP 

To a 31 flask containing 1.51 hexane (lab. grade, not dried) transfer the solution from 3.1. Allow 
the catechol to precipitate out (storage at <40C for 1-2 hrs, facilitates this) and decant off the 
30 hexane into a 31 separating funnel. Wash the precipitate with a further 500ml of hexane and add 
to the first hexane solution. Wash the hexane with water (2x500ml, analytical grade). Back 
extract each aqueous wash with (2x500ml) hexane. Dry the hexane layer with anhydrous MgSO<. 
Filter (glass sinter, grade four). 

35 Remove the solvent using a rotary evaporator under oil pump vacuum. The rotating flask should 
be surrounded by a water bath at room temperature. The vacuum and temperature need not be 
critically determined $o long as they are adequate to remove the solvent. 
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3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The pinacol 3-rnethaxypnopyl boronate product should be checked by H NMR spectroscopy °C- 
Signals should be observed as follows:- 



5<?00 


560 


Signal Pattern 


Assignment 


3,33-3.37 




5H, multiplet 


Qk-O-Qia 


1.69 




2H, multiplet 




1.24 




12H, singlet 


pinacol 


0.79 




2H, multiplet 


CtUB 



5 

Due to the presence of impurities other signals will be observed also. 

If impurity levels are unacceptable, distil the product (bp. 55 o C/0.4mmHg, pinacol 3- 
methoxypropyl boronate). 

10 

P, 4* M ETH QXY^ X-CH LO RO B UTYL BORONATE PINACOL ESTER 

1 REAGENTS AND CONSUMABLES 
15 1.1 SPECIFICATIONS 

Dichloromethane (AR) dried/redistilled before use. 

Tetrahydrofuran (AR) dried/redistilled before use. 

20 

Hexane (AR). 

Lithium diisopropyfamide, 2.0M in hexane/tetrahydrofuran/ethylbenzene- The raagent must be 
inspected before each use. It should be a dear pale red/brown solution. If It deviates fnom this 
25 colour or has any white precipitate it must be discarded. Stone at <6°C 

Zinc chloride, 0.5M in THF. 

Cyclohexane, anhydrous, 99.5%. 

30 

Benzophenons (SLR). 



Sodium metal stored under paraffin oil (SLR). 
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Phosphorus pentoxide (SLR). 
Magnesium sulphate dried (SLR). 

5 

Water, Ultra Pure grade, 
Carbon tetrachloride (GLR) 
10 Dry ice. 

Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

IS Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
Indicating silica gel when required to be dry. 

1.2 PURIFICATION OF REAGENTS 

AJ! glassware used in these purification steps is heated at 140-160°C for at least 4 hours and 
20 then cooled in a desiccator or by assembling while hot and purging with a stream of argon 
before use. 

1.2.1 Dichloromethane 

3 

Add phosphorus pentadde to the dichloromethane at the rate of ca/ 10 g per 100cm and leave 
25 to stand in a stoppered flask for at least 30 minutes. Distil the dichloromethane from the 
phosphorus pentoxide under a stream of dry nitrogen. The purified solvent is used immediately 

1.2.2 Tetrahydrofuran 

The distillation apparatus Is normally set up in the laboratory ready for use and will contain 
30 tetrahydrofuran over sodium containing benzophenone (ca. 0,5 g per litre) as an indicator. If 
necessary top up the distillation flask with more tetrahydrofuran so that It is at most two thirds 
full. If the colour of the solvent in the distillation flask is not blue add sodium (in oil) in small 
pieces, ca. 5 mm cubes until a blue colour develops. Distil the solvent from the sodium under a 
stream of dry nitrogen, 

35 

The purified tetrahydrofuran is used Immediately and stored. 
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2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents are used for this preparation procedure, 

All glassware is heated at 140-i6D°C for at least 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 



10 

3 PROCEDURE 
3.1 PREPARATION 

15 To a solution (0-4M, in a 101 flask) Of pinacol 3-methoxypropylboronate ester (150g, 0.75Qmol) 
in anhydrous cyclohexane (1250ml) and THF (625ml) (section 1.2.2) cooled to -20°C in a carbon 
tetrachloride/dry ice bath, is added dry DCM (section 1.2.1, 1.22eq«, 58.5ml r 0.915moi). Added 
to this solution (with stirring, under stream of dry argon) dropwtee, to maintain the temperature 
between -20 °C and -15 D C, is lithium diisopropylamlde (l.lleq., 415ml, 0.833mol, diluted in 

20 500ml THF) and then zinc chloride (0.5M solution in, THF, 1500ml) pre cooled in ice. The reaction 
is allowed to warm to room temperature overnight 

3-2 PURIFICATION AND WORK-UP 

The reaction mixture Es diluted in hexane (21) and poured into cold 1M sulphuric add (11), stfr for 
25 15 mins, and then extract with hexane (2x500ml)> Wash the combined extracts with saturated 
NaHG0 3 solution (11), saturated NaCI solution (11). Dry the combined hexane extracts with 
anhydrous MgS0 4 . 

Filter immediately with a grade four glass sinter- 

30 

Remove the solvent using a rotary evaporator at room temperature and with a vacuum of ca. 1 
mm/Hg. The vacuum and temperature need not be critically determined so long as they are 
adequate to remove the solvent. 

35 3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The unpurified pinacol 4-methoxy-l-chlorobutylboronate should be checked by *H NMR 
spectroscopy. Signals should be observed as foiiows:- 
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10 



15 



§400 



3.47-3.38 

3.34 
2.0-1.62 



1.27 





Signal Pattern j 


Assignment 




3H, miiltiplet 


CH?OMe and CHB 




3H / singlet 






4H, multiple* 


CH2CH2 




12H, Singlet 


pinacol 



Due to the presence of impurities other signals will be observed also. 

r a MET HQ2ffi^BlS rTRI MFTHYlT^ IYL) AMINQBUT YL Bf>»ONATE PINACOI 

ESEEB 

1 Rf AGENTS AND CONSUMABLES 
J..1 SPECIFICATIONS 

Tetrahydrofuran (AR) dried/redistilled before use . 
n-Hexane SPS grade dried/redistilled before use. 
Lithium bis<trlmethyisilyl)arride, IN solution in anhydrous hexane. 
Water, Ultra Pure grade. 

Nitrogen, laboratory oxygen free grade which Is passed through a drying tube packed with seif 
20 indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is 
indicating silica gel when required to be dry. 



passed through a drying tube packed with self 



25 1.2 PURIFICATION OF REAGENTS 

All glassware used in these purification steps is heated at 140-160'C for at least 4 hours and 
men cooled in a desiccator or by assembling while hot and purging with a stream of dry nitrogen 
before use. 

30 l 2.1 Tetrahydrtrfuran 

The dHHffon apparatus is normal* set up In the laboratory ready for use and wWl contain 
tetrahydrofuran over sodium containing benzophenone (ca. 0.5 g per litre) as an Indicator If 
necessary top up the distillation flask With more tetrahydrofuran so that tt is at least two thirds 
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full. If the colour of the solvent in the distillation flask is not blue add sodium in oil in small 
pieces, ca. 5 mm cubes, until a blue colour develops. Distil the solvent from the sodium under a 
stream of dry nitrogen. 

5 The purified tetrahydrofuran Is used immediately and not stored. 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure. Ail glassware must be heated at 140- 
10 160°C for at least 4 hours before use and then cooled either in a desiccator or by assembling hot 
and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 

15 3,1 PREPARATION 

A 0,33M solution of pinacol 4-meihoxy-l-chtonobutaneboronate (150g, 0,60mo!) in THF (1810ml) 
is added to a 0.5M solution Of lithium hexamethyldisilazane (IN in hexane, 604ml, leq) in THF 
(603ml) at -78°C ( dry ice/acetone bath) giving a final concentration of boronate at 0.2M. The 
reaction mixture is allowed to warm slowly to room temperature and is stirred for at least 12hrs. 

20 

3.2 PURIFICATION AND WORK-UP 

Remove the solvent using a rotary evaporator under oil pump vacuum. The rotating flask should 
be surrounded by a water bath at room temperature. The vacuum and temperature need not be 
critically determined so long as they are adequate to remove the solvent. 

25 

Hsxane (lab grade, 1000ml) }$ added to yield a precipitate which is removed by washing with 
water (2x750ml r analytical grade). Back extract each aqueous phase with (500ml) hexane. Dry 
the hexane layer with anhydrous MgS04 and filter through a grade 4 glass sinter. The organic 
phase is concentrated using a rotary evaporator under oil pump vacuum. The rotating flask 
30 should be surrounded by a water bath at room temperature. The vacuum and temperature need 
not be critically determined so long as they are adequate to remove the solvent. 

The residua! oil is distilled under reduced pressure to give b-p. 8Q-I04°C, 0.1 - 0.2 mmHg 
pinacol 4-methoxy-l-bis(trimethylsilyf)aminobutyl boronate. 

35 

3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The distilled pinacol 4-methoxy-l-bls(trimethyl$jlyi)aminobutyl boronate should be checked by 
l H NMR spectroscopy °C. Signals should be observed as follows;- 
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5400 


Signal Pattern 


Assignment 


3.23-3-26 


5H, rnultiplet a- '" = - J ~ 


CfcbOCtb 


2.41 


1H, multiplec 


CH 2 CHB 


1.62 


2H, multiplet 




1.46 


ih, multiple! 


1H from CH 2 (split H) 


1.31 


1H, multiplet 


1H from Qh (split H) 


1.12 


12H, singlet 


pinaool 



Due to the presence of impurities other signals will be observed also. 



5 F. 4-METHOXY-l-AMINOBUTYL BO RON ATE PINACOL ESTER 
1. REAGENTS AND CONSUMABLES 

1.1 SPECIFICATIONS 

10 

n-Hexane SPS grade dried/redistilled before use. 

Chloroform (AR) dried/redistilled before use. 

15 MCL, 4N anhydrous solution in 1,4-dioxan. 

Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

20 Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

1.2 PURIFICATION OF REAGENTS 

All glassware used In these purification steps Is heated at 140-160°C for at least 4 hours and 
25 then cooled in a desiccator or by assembling while hot and purging with a stream of dry nitrogen 
before use. 

1.2.1 n-Hexane 

3 

Add calcium hydride to the n-hexane at the rate of ca. 10 g per 100cm and leave to stand in a 
30 stoppered flask for at feast 30 minutes. Distil the hexane from the caltium hydride under a 
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stream of dry nitrogen. The purified solvent should be used Immediately wherever possible but 
may be stored for up to 24 hours in a tightly stoppered flask- 

1.2.2 Chloroform. 

3 

5 Add phosphorus pentoxlde to the chloroform at the rate of ca. 10 g per 100cm and leave to 
stand in a stoppered flask for at least 30 minutes. Distil the chloroform from the phosphorus 
pentoxide under a stream of dry nitrogen. The purified solvent should be used immediately 
wherever possible but may be stored for up to 24 hours In a tightly stoppered flask. 

10 2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure 

All glassware is heated at 14O-l60°C for at least 4 hours before use and then cooled either in a 
15 desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 
3.1 PREPARATION 

20 To a 0.4M solution of pinacol 4-mettioxy-l-bisCtiimethylsi!yl)aminobutane boronate (160g, 
0-428rnol) in dry hexane (1072ml, section 1.2.1) at -78°C (dry ice/acetone), is added HCl(4N, 
solution in dioxane, 322ml, 3eq.) from a measuring cylinder. The reaction is allowed to warm to 
room temperature overnight. 

25 3.2 PURIFICATION AND WORK-UP 

Remove the solvent using a rotary evaporator under oil pump vacuum. The rotating flask should 
be surrounded by a water bath at room temperature. The vacuum and temperature need not be 
critically determined so long as they are adequate bo remove the solvent- 

30 Dry chloroform (21, section 1.2.2) is added. The solution is then filtered through celite under 
nitrogen pressure in a closed sysbem(grade four glass sinter). Organic phase is concentrated 
using a rotary evaporator under oil pump vacuum. The rotating flask should be surrounded by a 
water bath at room temperature. The vacuum and temperature need not be critically determined 
so long as they are adequate to remove the solvent 

35 

3-3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

Pinacol 4-methoxy-l-aminobutyl boronate should be checked by electrospray mass spectrometry* 
The signals observed should be: < 
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"siinal CAMU) 


Assignment 


253 


[M+Na] 


230 





Due to the presence of impurities other signals will be obseived also. 
5 n cte , D .phfe-PrP-BpmMPO- Qp jP ac (TRI5QM. 
1. REAGENTS AND CONSUMABLES 
1.1 SPECIFICATIONS 

10 

Tetrahydrofuran (AR) dried/redistilled before u$e. 
n-Hexane SPS grade. 
1 5 isobutylchlorofbrmate. 
N-methylmOipholina- 
Triethylamine. 

20 

Benzophenone (SLR). 
Sodium Chloride (SLR), 
25 Sodium bicarbonate (SLR). 
Hydrochloric Acid (SLR), 
Sodium metal stored under paraffin oil (SLR). 

30 

Magnesium sulphate dried (SLR). 
Water, Ultra Pure grade. 
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Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
Indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
5 indicating silica gel when required to be dry, 

1.2 PURIFICATION OF REAGENTS 

All glassware used In these purification steps is heated at 14Q-160°C for at least 4 hours and 
then cooled in a desiccator or by assembling while hot and purging with a stream of dry nitrogen 
10 before use. 

1-2.1 Tetrahydroftiran 

The distillation apparatus is normally set up (n the laboratory ready for use and will contain 
tetrahydrofuran over sodium containing benzophenone (ca. 0.5 g per litre) as an indicator. If 
15 necessary top up the distillation flask with more tetrahydrofuran so that it is at least two thirds 
full. If the colour of the solvent in the distillation flask is not blue add sodium in oil in small 
pieces, ca. 5 mm cubes, until a blue colour develops. Distil the solvent from the sodium under a 
stream of dry nitrogen. 

20 The purified tetrahydrofuran is used immediately and not stoned. 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure. 

25 

All glassware Is heated at 140-160 C C for at least 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 

30 

3.1 PREPARATION 

To a 0-5M solution of Cbz-D-Phe-Pro (0.515mol,204.5g,leq) in THF (I042tnt) b added N- 
methylmorpholine (56.8ml, ieq.) and the solution cooled to -20°C (CCU/dry ice bath). iBuOCOCL 
(67ml,leq, in 149mi THF, 3.5M) is added making sure the temperature stays in the range of -20 
35 oc to -150C. After 15 mins, to the mixture, is added by dry transfer a 1.36M solution of pinacol 
4-methoxy-l-aminobutylboronate hydrochloride (15Qg, 0,57mol, l.OSeq) as a precooled solution 
in CHCI 3 (416ml), then £t3N (75.3mU.05eq) is added. The reaction is allowed to warm to room 
temperature and stirred for at least 2hrs. 
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10 



15 



3 2 PURIFICATION AND WORK-UP 

Remove the so.vent using a my evaporator under oil pump vacuum. The rotate flask should 
be sum.unded by a water bath at room temperature. The vacuum and temperature need not be 
critically determined so long as they are adequate to remove the solvent. 

The residue Is disced in ethyl acetate (1500ml) and washed with HQ (0.2M, 2x500ml),back 
extract the combined HQ washes with ethyl acetate (500ml) and combine with ethyl acetate 
, ayer wash combined ethyl acetate with water (1000ml), back extract the water wash w.th 
500ml of ethyl acetate combined with ethyl acetate layer, NeHCC* (saturated aqueous, 
2xl000ml) and NaCI (saturated aqueous, 500ml). To the organic phase is added dried 
magnesium sulphate until it flocculates, the flask stoppered tightiy and left to stand for at least 
30 minutes. Remove the magnesium sulphate by filtration through a glass sinter, (grade four). 
Remove the solvent using a rotary evaporator at room temperature and with a vacuum of ca. l 
mm/Hg. The vacuum and temperature need not be critically determined so long as they are 
adequate to remove die solvent. 



Leave overnight on high vacuum. 
20 The desired crude product as a foamy solid. 

3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

3.3.1 NMR Analysis 

25 The TRISOb should be checked by *H NMR spectroscopy. Signals Should be observed as follows:- 



§400 


Signal Pattern 


Assignment 


7.82 


ih, broad 


NH 


7.40-7.20 


10H, multiplet 


2xPh 


5.7 


1H, broad 


NH 


1 5.17-5,08 


2H, dd, J=7.54Hz 


PhOfcO 


4,48-4,44 


2H, multiplet 


Pro a«CH, Phea-CH 


3.46 


1H, multiplet 


Pro-C4 


~^3-27 


2H, multiple 


££hOMe 


3-22 


3H, single* 


owe 


2.99 


2H, multiplet 


PhS± 


2.63 


IH, multiplet 


CHB 
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2.59-2.23 


4H, muHplet 


Pro-C3, Pro-CZ 


1.60 


4H, multiple! 




1.20 

- — — 


12H, singlet 


pinacol 



The TRISOb should be checked by C NMR spectroscopy. °C Signals should be observed as 
follows;- 



B4DO 


Signal Pattern 


I Assignment 


171 


quaternary 


O-flO-N 


156 


quaternary 


CH-CO-N 


136 


quaternary 


Ph 


130-126 


CH 


aromatjcs 


81,5 


quaternary 


CMe 2 


73 


CH 2 


£H 2 OMe 


67.26 


CH 2 


PhCH 2 0 


58.3 


CM 


PrO-aCH 


57.94 


CH 3 


OMe 


54.16 


CH 


Phe-aCH 


46.77 


Chfe 


Pro-4-CH 2 


38.76 


CH 2 


PhCH 2 CH 


27.84-27.4 


2xCHj 


CH£H 2 CH 2 OMe 


25.23-24.9 


4xCH 3 


pinacol, major isomer 


24.07 


CH 2 


Pro-3- CH 2 



Due to the presence of impurities other signals will be observed also. 
3.3.2 HPLC Analysis 

10 [note: a) tripeptlde cannot be recovered from aqueous solution, b) Dipeptide elutes at 
solvent front and does not giVe a peak in this system ] 

• Column: Reverse phase C-18 ODS (octadecylsflane) 2.5jim, 150x4.6mm 
» Flow: l.5mVmln. 

• Detection: UV at 225 nm 
15* Injection volume: 0.02ml 

• Solvent A: 20% MeCN in analytical grade water. 

• Solvent B: 55% MeCN in analytical grade water. 
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Gradient: linear from 20 to 90% mobile phase B over initial 15 minutes, Conditions 
maintained at 90% mobile phase B for a further 10 minutes. Linear to 100% B over lOmins, 
conditions maintained at 100% B for 5 mins then re-equilibrated to initial conditions, 

Component Rt (mln) 

Ctaz -r>Phe-Pro-(S)-bonoMp90Pinacol l6(i~l) 
Cbz -D-Phe-Pro-(R)-boroMpgOPinaool 17(-k-1) 

5 

Cbz-D-Phe-Pro-(R)-boroMpgOPinacui is the same chirality as Cbz-D-Phe-Pro-L-boroMpgOPinacol. 

H- Cte-D-Phe-Pno-BoroMoq-OH (TRISOcl 

10 To a solution of TRISOb (mnm 608) in acetone (lg/10m() f is added phenyl boronic add (1.01 
equivalent, rmm 120) and the solution stirred by a mechanical stirrer. To the solution is slowiy 
added ammonium hydroxide solution, (5%, pH adjusted to pH 9 by Hd, same volume as 
acetone). Some doudiness may develop* 

15 Hexane (equal volume to total acetone and ammonium hydroxide) is added and the solution 
stirred rapidly for four hours. Stirring is stopped and the hexane layer decanted (if an oil forms, 
this is kept wfth the aqueous layer by washing with a small volume of acetone), Hexane (same 
volume) is added, stirred for lOmins, decanted and repeated 

20 The aqueous layer is concentrated to about 1/3 volume by rotary evaporator with card-ice cold 
finger (water bath <35°C). Some oil may form on the side of the flask. The solution is then 
acidified (0.1N HQ) to pH 3 (care: do not acidify below pH 3), and extracted by EtOAc (2x same 
as original acetone volume). Sample can be concentrated without drying to give a foam, yield 
-70%. 

25 

EXAMPLE 2 - ALTERNATIVE CONVERSION OF TRI50B TO 

1. Approximately 300 g of TRlSOb were dissolved in approximately 2.5 L dfetftylether. 

2, Approximately 54 ml diethanolamine were been added, the mixture was refluxed at 40 *C 
30 3, The precipitated product was removed, washed several times with diethylether and dried. 

4. The dry product was dissolved in CHQ 3 . Hydrochloric add (pH 1) was added and the mixture 
was stirred approximately lh at room temperature. 

5. The organic layer was removed and washed with NH«CI solution. 

6. The organic solvent wa$ distilled off and the residual soiid product was dried. 

35 

Typical yield: Approximately 230 g 
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EXAMPI E 3 - PREPARA TION OF LITHIUM SALT OF TRI50C 

Cbz-Phe-Pra-BoroMpg-OH (20.009, 38.1mM) Is dissolved in acetonitrile (200m!) with stirring at 
5 room temperature- To this solution is added LiOH as a 0.2M solution In distilled water (190ml). 
The resultant Clear solution is stirred for 2 hours at room temperature and then evacuated to 
dryness under vacuum with its temperature not exceeding 37°C The resultant oil/tacky liquid is 
redissolved in SOOml distilled water necessary with light warming for about 20 minutes. The 
solution is filtered through filter paper and evacuated to dryness, again with the temperature of 
10 the soiution not exceeding 37°C. The resultant product is dried under vacuum overnight to 
normally yield a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h), 
15 Yield 17.89g. 
Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % 


(Calc) 


(Calc.) 


(Calc.) 


(Calc.) 


Found (Calc.) 


57.14 


6-60 


7.34 


2.07 


Li 1.26 


(61.03) 


(6.64) 


(7.90) 


(2.03) 


(1-31) 



20 

EXAMPLE 4 - UV/VI$J(BLE SpECTRA QF UTHIUM SALT QF TRI50C 

UV/Visible spectra were recorded in distilled waber at 20<>C from 190nrn to 400nm. The salt gave 
Jinn* at 210 and 258nm. The weight of the dried salt was then measured for the purposes of 
25 calculating the extinction coefficient. The X mn at 258nm was used. The extinction coefficient 
was calculated using the fbrmula:- 

A - eel where A is the absorbance 

C is the concentration 
30 ] the path length of the UV cell 

and e is the extinction coefficient. 

Extinction coefficient: 451 
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FVAMPLF a - AQUEO US SOLUBILITY OF L3TH1UM SALT OF TKI50C 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°^ 
the sample filtered and the UV $pectrum measured. The salt left a white residue of undissolved 
5 material. The lithium salt was comparatively soluble and so was redissolved at 50mg/ml in the 
same manner previously described. 

Solubility when dissolved at 25mg/mli 43mM (23 mg/ml). 
Solubility when dissolved at 50mg/ml: 81mM (43 mg/ml). 

10 

EXAMPLE 6 - PREPARATION OF SODIUM SALT OF TRI5DC 

Cb2-Ph$-Pro-BoroMpg-OH (20,0Gg r 38.1rnM) is dissolved in acetonitnie (200ml) with stirring at 
room temperature, To this solution is added Naori as a 0,2M solution in distilled water (ldOmO- 

15 The resultant clear solution Is stirred for 2 hours at room temperature and then evacuated to 
dryness under vacuum with its temperature not exceeding 37°C. The resultant oil/tacky liquid is 
redissolved in 500ml distilled water with light warming for about 15-20 minutes. The solution is 
filtered through filter paper and evacuated to dryness, again with the temperature of the solution 
not exoeeding 37°C The resultant product i$ dried under vacuum overnight to normally yield a 

20 white brittie solid. The product may be present as an oil or tacky solid due to residual wster, in 
which case it is dissolved in ethyl acetate and evacuated to dryness to produce the product as a 
white solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 

25 

Yield; Over 50%, 
Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % 


(Calc.) 


(Calc.) 


(Calc.) 


(Calc) 


Found (Calc) 


59.93 


6,47 


7.31 


1.91 


Na 3.81 


(59.24) 


(d.44) 


(7.67) 


(198) 


(4.20) 



30 

EXAMPLE 7 - UV/vlSIBLE SPECTRA OF SODIUM SALT OF TRI5QC 

uv/Visible spectra were recorded in distilled water at 20°C from l90nm to 4Q0nm. The salt gave 
x wax at 210 and 258nm. The weight of the dried salt was then measured for the purposes of 
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calculating the extinction coefficient. The W at 258nm was used. The extinction coefficient 
was calculated using the formula:- 

A = ed where A is the absorbance 
5 C is the concentration 

I the path length of the UV cell 
and 8 is the extinction coefficient 

Extinction coefficient; 415. 

10 

EXAMPLE 8 - AQUEOUS SOLUBILITY OF SODIUM SALT OF TM50C 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, 
the sample filtered and the UV spectrum measured. The salt left a white residue of undissolved 
15 material. The sodium salt was comparatively soluble and so was redissotved at 50mg/ml in the 
same manner previously described. 

Solubility when dissolved at 25mg/ml: 44mM (25 mg/mt). 
Solubfllty when di$solved at 50mg/ml: 90mM (50 mg/ml). 

20 

EXAMPLE 3 - PR EPARATION OF POTASSIUM SALT OF TKI50C 

Cbz-Phe-Pro-BoroMpg-OH (20.00g, 38.imM) is dissolved in acetonitrile (200ml) with stirring at 
room temperature. To this solution is added KOH as a 0.2M solution in distilled water (190ml). 

25 The resultant clear solution is stirred for 2 hours at room temperature and then evacuated to 
dryness under vacuum with its temperature not exceeding 37 e C The resultant oil/tacky liquid is 
redfssolved in 1L distilled water with warming to 37°C for about 2 hours. The solution fs filtered 
through filter paper and evacuated to dryness, again with the temperature of the solution not 
exceeding 37*C The resultant product is dried under vacuum overnight to normally yield a 

30 white brittle solid. 
Yield: 14.45 mg. 

The salt was then dried under vacuum over silica to constant weight (72 h). 
35 Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % 


(Calc) 


(Caic.) 


(Calc.) 


(Calc.) 


Found (Calc.) 
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54.84 



6.25 



7.02 



2.01 



K4.29 



(57.5S) 



(6.26) 



(7.45) 



(1.92) 



(6.94) 



EXAMPLE 10 - UV/VI$ IBLE SPECTRA OF POTASSIUM SALT OF TRI5DC 

5 LTV/Visibte spectra were recorded in distilled water at 20*C from 190nm to 400nm. TRI50C and 
the salt gave at 210 and 258nm. The weight of the dried salt was then measured for the 
purposes of calculating the extinction coefficient The ;w at 258nm was used. The extinction 
coefficient was calculated using the formula:- 

10 A = «ci where A is the absorbance 

C is the concentration 
I the path length of the UV cell 
and e is the extinction coefficient 

15 Extinction coefficient: 438. 

EXAMPLE 11 - AQUEOUS SOLUBILITY OP POTASSIUM SALT OF TRI50C 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37*C, 
20 the sample filtered and the UV spectrum measured. The salt left a white residue of undissolved 
material. 

Solubility when dissolved at 25mg/mk 29mM (16 mg/ml), 

25 EXAMPLE 12 - PREPARATION OF CALCIUM SALT OF TRI5QC 

Cbz-Phe-Pro-*BoroMpg-OH (20.QOg, 38.1mM) is dissolved in acetortitrile (200m!) with stirring at 
room temperature. To this solution is added Ca(OH) 2 as a 0.1M solution in distilled water 
(190ml), The resultant clear solution is stirred for 2 hours at room temperature and then 
30 evacuated to dryness under vacuum with its temperature not exceeding 37°C The resultant 
product is a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 
35 Yield: 17.69g. 
Microanalysis; 
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C % FbunO 


H % Found 


N % Found 


B % Found 


Metal % 


CCalc.) 


(Calc.) 


(Calc.) 


(Calc.) 


Found (Calc) 


55.08 


6.13 


7.08 


2.01 


Ca3.65 


(59,27) 


(6.43) 


(7.71) 


(1.99) 


(3.68) 



FXAMPLE 13 - UV/VlSrBLE SPECTRA OF CALCIUM SALT .OF THI50C 

5 

UV/visible spectra were recorded in distilled water at 20°C from 190nm to 400nm. TRI50C and 
the salt gave Vhx at 210 and 258nm* The weight of the dried salt was then measured for the 
purposes of calculating the extinction coefficient The ;w at 258nm was used. The extinction 
coefficient was calculated using the formula:- 

10 

A = eel where A is the ebsorbance 

c is the concentration 
I the path length of the UV cell 
and e is the extinction coefficient 

15 

Extinction coefficient: 955. 

EXAMPLE 14 - AQUEOUS SOLUBILITY OF CALCIUM SALT OF TRI5QC 

20 To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, 
lt>e sample filtered and the UV spectrum measured. The salt left a white residue of undissolved 
material. 

Solubility when dissolved at 25mg/ml: SmM (5 mg/ml). 

25 

EXAMPLE 15 - PREPARATION OF ARGININE SALT OF TRI5DC 

Cbz-Phe-Pro-BoroMpg-OH <20.00g, 3S.lmM) is dissolved in acetonfcrile (200ml) with stirring at 
room temperature. To this solution Is added arginlne as a 0.2M solution in distilled water 
30 (190ml), The resultant clear solution Is stirred for 2 hours at room temperature and then 
evacuated to dryness under vacuum with its temperature not exceeding 37°C. The resultant 
oil/tacky liquid Is redissolved in 2L distilled water with warming to 37°C for 2 hour$. The solution 
is filtered through filter paper and evacuated to dryness, again with the temperature of the 
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solution not exceeding 37°C The 
yield a white brittle solid, 



resultant product is dried under vacuum overnight to normally 



The salt was then dried under vacuum over 
Yield: 10^4g. 
Microanar/sis: 



silica to constant weight (72 h). 



c % Found 
(Calc.) 


H % Found 
(Calc.) 


N % Found 
(Calc.) 


B % Found 
(Calc) 


52.47 
(56.65) 


7.12 
(7.20) 


15.25 
(14.01) 


1.52 
(1.54) 



10 



^m. F ifi — UVA/tqtr. F SPECT RA O F A Rg lNlNE §AJ T OF TM50C 



UV/Vlsible spectra w*e recorded In distilled water at 20o C from 190nm to 400nm. TR150C and 
15 the salt gave W« 210 and 258nn, The weight of the dried salt was ther 

purposes of calculating the extinction coefficient The A_ at 258nm was used. The exbncbon 
coefficient was calculated using the formula: - 

A = ed Where A is die absorbance 
2Q C is the concentration 

I the path length of the UV cell 
and e is the extinction coefficient 



25 



Extinction coefficient: 406. 

pv ^p. g 17 - &<"M 1EOUS S™ ■ TTY QF ARfiTNTNF S&l I OF TPJ50C 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37«C 
the sample filtered and the UV spectrum measured. The salt left a white residue of undissolved 
30 material. 

Solubility when dissolved at 25mg/ml: 14mM (io mg/ml). 
cv ^iPiii. PREPARAT tnM nP i YRTME SALT OF TRI5QC 
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Cbz-Phe-Pro-BoroMpg-OH (20.0Og, 38.1mM) is dissolved in acetonitrite (ZOOrnl) with stirring at 
room temperature. To this solution is added L-lyslne as a 0.2M solution in distilled water 
(190ml). The resultant ctear solution is stirred for 2 hours at room temperature and then 
5 evacuated to dryness under vacuum with its temperature not exceeding 37°C The resultant 
oil/tacky liquid is redissolved in 3L distilled water with warming to 37°C for 2 hours. The solution 
is filtered through filter paper and evacuated to dryness, again with the temperature of the 
solution not exceeding 37°C The resultant product is dried under vacuum overnight to normally 
yield a white brittle solid. The product may be present as an oil or tacky solid (due to residual 
10 water), in which case it is then dissolved in ethyl acetate and evacuated to dryness to produce 
the product as a white solid. 

The salt was then dried under vacuum over silica to constant weight (72 h), 
15 Yield: 17.89. 
Microanalysis: 



C % Found 


H% Found 


N % Found 


B % Found 


(Calc.) 


(Calc.) 




(Calc) 


57.03 


7.43 


10.50 


1.72 


(59.11) 


(7.36) 


(10.44) 


(1.61) 



20 

EXAMPLE 19 Z UWVISIBLE SPECTRA OF LYSINE SALT OF TRI50C 

UV/Visible spectra were recorded in distilled water at 20°C from 190nm to 400nm, TRI50C and 
the salt gave at 210 and 258nm. The weight of the dried salt was then measured for the 
25 purposes of calculating the extinction coefficient. The \ max at 258nm was used. The extinction 
coefficient was calculated using the formula; - 

A - eel where A is the absorbance 

C is the concentration 
30 I the path length of the UV cell 

and e is the extinction coefficient 

Extinction coefficient: 437. 

35 EXAMPLE 20 - AQUEOUS SOLUEffljmr QF LYSINE SALT OF TRTTOf. 



[0046491 09- Sep- 02 34:50 



9. SEP. 2002" 16:44 HARRISON 60DDARD FOO m 4jJ 

M1082GBM - Arterial Thrombosis/Generic Salts 

49 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37*C, 
the sample filtered and the UV spectrum measured. The salt left a white residue of undissolved 
material. 

5 

Solubility when dissolved at 25mg/ml: l3mM (8.6 mg/ml). 



EXAMPLE it - PREPARATION OF ^MgT HYL^UJCAMWE SfijJ OF TRI50C 

10 Cbz-Phe-Pro-BoroMpg-OH (20,QGg, 38>lmM) is dissolved in aoetonitrite (200ml) with stirring at 
room temperature. To this solution is added N-methyl-D-glucamine as a 0.2M solution in 
distilled water (190ml). The resultant dear solution is stirred for 2 hours at room temperature 
and then evacuated to dryness under vacuum with its temperature not exceeding 37°C The 
resultant oil/tacky liquid is redissolved in 500ml distilled water with light warming for about 20 

15 minutes. The solution is filtered through filer paper and evacuated to dryness, again with the 
temperature of the solution not exceeding 37°C, or freeze dried. The resultant product is dried 
under vacuum overnight to normally yield a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 

20 

Yield: 21-31g. 
Microanalysis: 



C % Found 


H% Found 


N % Found 


B % Found 


(Calc.) 


(Calc) 


(Calc.) 


(Calc.) 


56.67 


728 


7.7-1 


1.63 


(56.67) 


(7.41) 


(7.77) 


(1.50) 



EXAMPLE 22 - UV/VI5IBLE SPECTRA OF N-METHYL-D-GLUCAMINE SALT OF TRI50C 

UV/Visible spectra were recorded in distilled water at 20°C from 190nm to 4Q0nm. TRJ50C and 
30 the salt gave x^* at 210 and 258nm. The weight of the dried salt was then measured for the 
purposes of calculating the extinction coefficient. The at 258nm was used. The extinction 
coefficient was calculated using the formula. 



A = sd where A is the absorbance 
35 C is the concentration 
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? the path length of the UV cell 
and e is the extinction coefficient. 

Extinction coefficient 433. 

5 

EXAMPLE 23 - AQUEOUS SOLUBILITY QF N-METH YL-D-GLUCAMINE SALT OF TRI5QC 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37 a C, 
the sample filtered and the UV spectrum measured- The salt was observed to fully dissolve. The 
10 salt was comparatively soluble and so was redissoived at 50mg/ml in the same manner 
previously described. 

Solubility when dissolved at 25mg/ml: 35mM (25 mg/ml). 
Solubility when dissolved at 50mg/ml: 70mM (50 mg/rnl). 

15 

FXAMPLE 24 - ALTERNATIVE PREPARATION OF ARGININE SALT OF TRI50C 

The arginine salt is formed simply by adding a slight molar excess of L-arginine to a solution of 
0.2-0.3mmol of TRI50c in 10ml of ethyl acetate. The solvent is evaporated after one hour, and 
20 the residue is triturated twice with hexane to remove excess arginine. 

EXAMPLE 25 r SEPARATION OF DTftSTEREOMEPS 

The R-Mpg and S-Mpg isomers of TRISOb and TREOc are separated chromatographically as 
25 summarised below. 

A solution of Sgrri/ml of TRISOb In aeetonitrile is prepared and 10 juL is injected to a 
Lichrospherc™ cyano column and eluted with a gradient of n-hexane and tetrahydrofuran with 
monitoring at 206nM. Anar/ste of the UV chromatogram indicates TR150b Isomer I ('R r 
30 configuration at a-aminoboronate centre) elutes at (retention time) Rt 11. 1 minutes; TRISOb 
isomer II ('S' configuration at a-aminoboronate centre) elutes at Rt 13.7minutes. 

Following the same procedure, TRISOc isomer I ('R' configuration at a-aminoboronate centre) 
elutes at (retention time) Rt 21.2 minutes; TRISOb isomer II ('S T configuration at o- 
35 amirtoboronate centre) elutes at Rt 22.2 minutes, 

Condfcfons: 

Column: Lkxosphere Cyano Merck.4.6 x 250mnv 5±i. 
Solvent A : n-Hexane 
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Solvent BTHP 

Gradient 0-100% B over 25 minutes 

Monitor UV at 206nm 
5 Sample concentration 5mg/ml. 

The results are shown in the chromatogram of Fig 8. 

The above microanalytical data show C and N amounts below calculated, suggesting the samples 
10 might have contained unremoved water. 

Advantageously, at (east preferred products of the invention have adequate absorption and 
bioavailability. For commercial utility, a product having less good solubility may be selected by 
virtue of a superior overall combination of properties. 

15 

EXAMPLES 26 TO 23 

The following examples refer to TRISOc sodium salt 

20 EXAM PLE 26 - TR150B INHIBITION OF PLATELET PRQCOAGULftNT ACTIVITY 

Platelet pro-coagulant activity may be observed as the increase, in rate of activation of 
prothrombin by factor Xa in the presence of factor Va upon the addition of platelets pretneataed 
with thrombin, caused by thrombin alone, collagen alone or a mixture of thrombin and collagen. 
25 This property te due to an increase in anionic phospholipid on the surface of the platelet with 
concomitant release of microveside from the surface. This is an essential physiological reaction 
and people whose platelets have reduced ability to generate procoagulant activity (Scott 
syndrome) show an increased tendency far bleeding. 

30 Method: 

Washed platelets are treated with either l.lSnM thrombin, 23^g/ml collagen Or a mixture of both 
at the same concentration at 37°C The TRISOC salt is added either for 1 minute prior to the 
addition of activator or immediately after the incubation with activator. Platelet procoagulant 
activity is determined as described previously (Goodwin C A efc al, BfochemJ* 19*5 8, 308; 15- 
35 21), 

Ttie TRISOc salt is proved to be a potent inhibitor of platelet procoagulant activity with ICsos as 
summarised below: 
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Table 1; influence of the TRI50C salt on the induction of platelet procoagulant activity by various 
agonists: 

Table 1 



5 



Agonist 


Fold acceleration 
without TRISc 


IC50 plus incubation 
(nM) 


IC5D without 
incubation 
(nM) 


Thrombin 


+ 


+ 




Collagen 






++ + 


ThrombirVColtegen 









Key: The greater the number of crosses (+), the greater the numerical value, 



Table I records, for example, that when platelets are treated wfth thrombin they caused a many- 
10 fold acceleration of the rate of activation of prothrombin in comparison with control platelets. 
Treatment with the TRI50C salt reduces such acceleration by half at the various trisQ 
concentration levels given. The significant potency of TRI50 is evidenced by the fact that the 
1^50 values are in the nanomolar range. 

15 The TR150C salt does not have an effect on ADP, collagen or epinephrine induced aggregation of 
washed platelets. 

EXAMPLE 27 - RABBIT EXTRACORPOREAL SHUNfT MODEL 
20 Introduction 

The technique describes an animal model in which a platelet rich thrombus is produced. The 
activity of the TRI50C salt and heparin are compared. 

25 The carotid artery and jugular vein of anaesthetised rabbits are used to create an extracorporeal 
circuit containing a suspended foreign surface (silk thread). Thrombus deposition is initiated by 
creation of high sheer stress turbulent arterial blood flow, platelet activation, followed by 
coagulation in the presence of thrombogenfc surfaces. Histopathologlcal studies show that the 
thrombus is platelet rich. 

30 

Materials and Methods 



Animals: 
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N2W rabbits are used. The animals are allowed food and water up to the induction of 
anaesthesia. 

Anaesthesia: 

5 Animals are premsdicated with fbntanel/fluanisone (Hypnomn) 0.15 ml total by intramuscular 
injection. Genera! anaesthesia is induced with methohexitone (10 mg/ml) to effect, followed by 
endotracheal intubation. Anaesthesia is maintained with isoflurane (1-2.0 %) carried in oxygen 
/nitrous oxide. 

10 Surgical Preparation: 

The animals are placed In dorsal recumbency and the ventral cervical region prepared for 
surgery. The left carotid artery and right jugular vein are exposed, The artery Is cannulated 
with a large Portex® catheter (yellow gauge), cut to a suitable length. The vein is cannulated 
with a Silastic® catheter. The shunt comprises a 5 cm length of 'auto analyser 1 line (purple 
15 /white gauge). Joins to the shunt on the arterial side are made with intermediate size Silastic® 
tubing. The shunt is Riled with saline before exposure to the circulation, The right femoral 
artery is cannulated for the measurement of blood pressure- 
Thread Preparation and insertion: 
20 The central section of the shunt contains a thread 3 centimetres in length. This consists of 000 
gauge Gutterman sewing silk $o as to gfve four strands with a single knot at the end. (The knot 
section te outside the shunt). 

Blood Row 

25 Blood flow velocity is determined by use of 'Doppler' probes (Oystal Biotech). A silastic probe is 
positioned over the carotid artery at the point of Insertion of the arterial catheter. Row is 
recorded on a chart recorder using heat sensitive paper. 

RESULTS 

30 

Table 2 



TREATMENT 


DOSE 
(APPROXl 


THROMBUS WEIGHT 
AFTER 20 minute run 


ANTITHROMBOTIC 
ACTIVITY 


Control 


N/A 


+++ 




TKlSOc salt 


lOma/kQ tv 


+ 


Active 




3.0mq/kq iv 


++ 


Active 


HEPARIN 


100 u/kq fv 




Inactive 




300 u/KQ iV 


+ 


Active (Severe bleedtna) 



Key: the greater the number of crosses, the greater the weight 
35 Discussion 
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Table 2 shows that, under high arterial shear conditions, an approximate the TRI50C salt dose of 
3mg/kg to lOmg/kg iv significantly inhibits thrombus formation without bleeding, whereas a 
heparin do$e within the normal clinical range for treating venous thrombosis (lOOu/kg iV 
heparin) is ineffective. The higher dose of heparin, though active, causes severe bleeding. 
5 These results, which show the TRISOC salt effectively inhibiting arterial thrombosis without 
causing bleeding, are consistent with the TRISOC salt inhibiting platelet procoagulant activity, In 
contrast, the thrombin inhibitor heparin, when administered at an approximately equi-effectfve 
dose (in terms of inhibition of arterial thrombosis), produces the severe bleeding normal when 
thrombin inhibitors are used to treat arterial thrombosis. 

10 

EXAMPLE 28 - COMPARISON OF BLEEDING TIMES 

The aim of the study is to compare the bleeding times of heparin with the TRI50C salt in a 
suitable model. It is accepted that heparin is a poor inhibitor of platelet procoagulant activity (J. 
15 Biol. Chem. 1978 Oct 10; 253(19):6908-16; Miletich JP, Jackson CM, Majerus PW1: J, din. 
invest 1983 May; 71(5): 1383-91), 

Bleeding times are determined in a rat tail bleeding model following intravenous administration 
of heparin and the TRISOC salt. The doses employed are chosen on the basis of their efficacy in 
20 the rat Wessler and dynamic models and are as follows; 

TRISOC salt: 5 and 10 mg/kg 
Heparin: 100 units/kg 

25 MATERIALS AND METHODS 

Anaesthesia 

Rats are anaesthetised with sodium pentabarbltone at 60 mg/kg (2.0 ml/kg of 30 mg/ml solution 
by ip, injection). Supplemental anaesthetic is given ip. as required. 

30 

Surgical preparation 

A jugular vein is cannulated for the administration of test compound. The trachea is also 
cannulated with a suitable cannula and the animals allowed to breathe 'room air 1 spontaneously. 

35 Compound administration 

These are given in #ie appropriate vehicle at 1.0 ml/kg intravenously. Heparin is administered in 
saline, whilst the TRISOC salt is dissolved in ethanol, and then the resultant solution added to 
water for injection (1 part ethanoi to 5 parts water), 
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Technique 

Two minutes following compound administration the distal 2mm of the animal's tail Is sectioned 
with a new scalpel blade and the tail immersed in warm saline (37 C C) contained in a standard 
'universal' container, so that the blood stream is clearly visible. The bleeding time recording is 
5 started immediately following transection until the cessation of blood flow from the tip of the tail, 
A period of 30 seconds is allowed after the blood flow from the tail had stopped to ensure that 
bleeding does not re-commence, If bleeding does start again the recording time was continued 
for up to a maximum oF 45 minutes. 

10 Results 

Table 3 gives a summary of the bleeding results and shows the increases above base line values. 
Table 3 

1 5 Summary table of bleeding results 



Treatment 


Bleeding time min 
(±SEM f ) 


Saline 


+ 


Heparin 100 u/kg tv 




TRISOc salt 5 mg/kg Iv 




TRI50c salt 10 nig/kg iv 





♦Severe bleeding in all animals, with no cessation after 40 minutes. 
Key: the greater the number of crosses, the greater the bleeding time. 

20 Discussion 

The results show that the TRISOC salt te superior to heparin (produced less bleeding) at all 
doses. It should be noted that when 100 u/kg heparin Is compared with 5 mg/kg TRISOc salt, 
heparnvtreated animals bleed more extensively than those receiving TRl50c salt (heparin at a 
dose of 100 n/kg is a less effective inhibitor of arterial thrombosis than TRISOc salt at a dose of 
25 3.0 mg/kg). Heparin is primarily a thrombin inhibitor and a poor inhibitor of platelet 
procoagglant activity; the results are therefore consistent with TRl50b exerting anti-coagulant 
activity by Inhibition of platelet coagulant activity in addition to thrombin inhibiting activity. 
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CLAIMS 

1. A salt of a peptide boronic acid of formula (I); 

.OH 

X-aa 1 -aa 2 -NH-CH-R (I) 

OH 



, R 1 

5 

where; 

X is H (to form NH2) or an amino-protecting group; 
1 0 aa 1 is Phe, Dpa or a wholly or partially hydrogenated analogue thereof; 
sa 2 is an imino acid having from 4 to 6 ring members; 

R* is a group of the formula -(CH2)irr w > where m is 2, 3 Of 4 and W is -OH, -OMe, -OEt or 
15 halogen (F, Cl # Br or I). 

2. A salt of ciafm 1 wherein aa 1 is selected from Dpa, Phe, Dcha and Cha. 

3. A salt of claim 1 or claim 2 wherein aa 1 Is of R-conflguration. 

20 

4. A salt of claim 3 wherein aa 1 is (R)-Phe (that is, D-Phe) or (R>Dpa (that is, D-Dpa). 

5. A salt of claim 3 wherein aa 1 is (R)-Phe. 

25 6. A salt of any of claims 1 to 5 wherein aa 2 is a residue of an imino acid of formula (III) 



H 2 C CH-COOH 

\ N /- TO. 
I 

H 
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where R u is -CH 2 -, CH 2 -CH 2 -, -S-CH2-, -S-CCCH 3 ) 2 - °r -CH^O^-CHr* which group, when 
the ring is 5- or 5- membered, is optionally substituted at one or more -CH2- groups by from 1 to 
3 C r C3 alkyl groups. 

5 7, A salt of claim 6 wherein aa 2 is of S-configuration, 

8. A salt of claim 6 wherein aa 2 is a natural proline residue, 

9. A salt of claim 1, wherein aa^aa* is (R)-Phe-{S>Pro (that is, D-Phe-L-Pro), 

10 

10. A salt of any of claims 1 to 9 wherein R 1 is 2-bromoethyl, 2-chloroethyi, 2-methoxyethyl, 
3-bromopropyi, 3-chloropnopyl or 3-methoxypropyl. 

11. A salt of any of claims 1 to 9 wherein R* is 3-methoxy propyl. 

15 

12. A salt of any of claims l to 11 wherein X is benzyloxycarbonyh 

13. A salt of dafm 1 which is a salt of a compound of formula (VIII): 
20 X-(R>Phe-(5)-Pro-(R>Mpg-B<OH) 2 (VIII)- 

14. A salt of any of darms 1 to 13 which Is a salt of the pepU6e boronic add 'with an alkali 
metal, an alkaline earth metal, a Group in metal or a strongly basic organic nitrogen-containing 
compounds. 

25 

15. A salt of daim 14 wherein the strongly basic organic nitrogen-containing compound is a 
guanJdine, a guanidine analogue or an amine. 

16. A salt of any of daims 1 to 13 which is a salt of the peptide boronic add with an alkali 
30 metal, an amlnosugar, a guanidine or an amine of formula (VI): 



H,N— (CH 2 ) n — L 



NHR 3 

(VI) 



R2 

where n Is from l to 6, R J is H, carboxylate or dertvau'sed carboxylate, R 3 is H, Q-C* alkyl or a 
residue of a natural or unnatural amino add. 
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17. A salt cf claim 16 which is a salt of the peptide boronic acid with an alkali metal or an 
amino sugar. 

5 18. A salt of claim 17 wherein the alkali metal is sodium or lithium. 

19. A salt of claim 17 or claim 18 wherein the amino sugar is a glucamire. 

20. A salt of claim 19 wherein the glucamine is N-methyl-D-glucamine. 

10 

21. A salt of any preceding claim which is an acid salt (that is, wherein one B-OH group 
remains protonated). 

22. A salt of any of claims 1 to 2a wherein the salt consists essentially of an acid salt (that 
15 is, wherein on* B-OH group remains protonated). 

23. A salt of any of claims 1 to 22 wherein the salt comprises a boronate Ion derived from 
the peptide boronic add and a counterion and wherein the salt consists essentially of a salt 
having a single type of counterion. 



24. A salt of any of claims 1 to 13 which is a salt of the peptide boronic acid with a 
guanidine or with an amine of formula (VI): 



where n fe from 1 to 6, is H, cartoxylate or derivatised carboxylate, R 3 is H, d-C* alkyl or a 
25 residue of a natural or unnatural amino acid, 

25. A salt of claim 24 which is a guanidine salt of the peptide boronic add. 

26. A salt of claim 25 which Is a salt of the peptide boronic acid with L-ar^inine or an l- 
30 arginine analogue. 

27. A salt of claim 26 wherein the L-arginine analogue is D-arginine, or the D- or L- isomers 
of homoarginine, agmatfne [(4-aminobutyt) guanidine], NG-nitro-L-anginine methyl ester, or a 2- 
amino pyrimidines. 



20 




(VI) 



35 
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28. A salt of claim 25 which Is a salt of the peptide boronic acid with a guanidine of formula 
(nr) 

JMHR 3 



10 



15 



20 



H 2 N^NH— (CHA— |C H 



NH R 2 

where n is from 1 to 6, R 2 Is H, carboxylate or derivatised carboxyiete, R 3 is H, Q-Q alkyl or a 

residue of a natural or unnatural amino add. 

29. A salt of claim 28, wherein n is 2, 3 or 4. 

30. A salt of claim 28 or claim 29 where the derivatised carboxylase forms a Ci-d alkyl ester 
or amide. 

31. A salt of any of claims 28 to 30 wherein the compound of formula (TIT) Is of L- 
configuration. 

32. A salt of claim 25 which is an L-arginlne salt of the peptide boronic add, 

33. A salt of claim 24 which ts a salt of the peptide boronic arid wfth an amine of formula 
(VI). 

34. A salt of claim 33, wherein n i$ 2, 3 or 4. 

35. A salt of claim 33 or claim 34 where the derivatised carboxylate forms a Cx-Ct alkyl ester 
or amide. 



36. A salt of any of claims 33 to 35 wherein the compound of formula (III) is of L- 
25 configuration. 

37. A salt of claim 33 which is an L-lysine salt of the peptide boronic acid. 

38. A salt of any of claims 24 to 37 which is an acid salt (that is, wherein one B-OH group 
30 remains protonatecfy 

39. A salt of any of claims 24 to 38 wherein the salt consists essentially of acid salt (that is, 
wherein one B-OH group remains protonated). 
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40. A salt of any of claims 24 to 39 wherein the salt comprises a bononata ion derived from 
the peptide boronic acid and a counterion and wherein the salt consists essentially of a salt 
having a single type of counterion. 

5 41. A salt of any of claims 1 to 13 which is an a/kali metal salt of the peptide boronic acid. 

42. A salt of claim 41 wherein the alkali metai is potassium. 

43. A salt of claim 42 wherein the alkali rnsfcal is sodium or lithium. 

44. A salt of claim 43 wherein the alkali metal is sodium. 

45. A salt of claim 43 wherein the alkali metal is lithium. 

15 46. A salt of any of claims 41 to 45 which is an add salt (that is, wherein one B-OH group 
remains protonated), 

47. A salt of any of claims 41 to 45 whenein the salt consists essentially of add salt (that is, 
wherein one &-OH group remains protonated). 

20 

48. A salt of any of claims 41 to 47 wherein the salt comprises a boronate ion derived from 
the peptide boronic acid and a counterion and wherein the salt consists essentially of a salt 
having a single type of counterion. 

25 49. A salt of any of claims 1 to 13 which is an aminosugar salt of the peptide boronic add. 

30. A salt of claim 49 wherein the aminosugar is a ring-opened sugar. 

51. A salt of daim 50 wherein the aminosugar is a glucamine. 

30 

52. A salt of claim 49 wherein the aminosugar is a cyclic aminosugar, 

53. A salt of any of claims 49 to 52 wherein the aminosugar is N-unsubstatuted. 

35 54. A salt of any of claims 49 to 52 wherein the aminosugar is N-substituted by one or two 
substituents. 

55. A salt of claim 54 wherein the or each substituent is a hydrocarbyl group, 
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56. A salt of claim 54 wherein the or each subsrjtuent is selected from the group consisting 
of alley! and aryf moieties. 

57. A salt of claim 56 wherein the or each substituent i$ selected from the group consisting 
5 of c u Q, C 3 , Q, C 5 , C* C 7 and Ce alkyf groups 

58. A $alt of any of claims 54 to 57 wherein there is a single N-substituent 

59. A sait of daim 49 wherein the glucamine is N-methyl-D-glucamine. 

10 

60. A salt of any of claims 49 to 59 which* is an acid salt (that is, wherein one B-OH group 
remains protonated). 

61. A salt of any of claims 49 to 59 wherein the salt consists essentially of acid salt (that te, 
15 wherein one B-OH group remains protonated). 

62. A salt of any of claims 49 to 61 wherein the salt comprises a boronate ton derived from 
the peptide boronie acid and a counterion and wherein the salt consists essentially of a salt 
having a single type of counterion. 

20 

63. " A product obtainable by (having the characteristics of a product obtained by) reaction of 
a peptide boronie acid as defined by any Of claims 1 to 13 and a base capable of forming a salt 
therewith. 

25 64. A product obtainable by (having the characteristics of a product obtained by) reaction of 
a peptide boronie add as defined by any of claims 1 to 13 and a base selected from the group 
consisting of a hydroxide of a metal as redted in any of claims 14 or 16 to 18 or with an organic 
nitrogen-containing compound whose pkb is 7 or more. 

30 65. A product obtainable by (haying the characteristics of a product obtained by) reaction of 
a peptide boronie add as defined by any of claims 1 to 13 and a base selected from the group 
consisting of a organic nitrugen-corrtaining compounds as recited in any of claims 24 to 37 or 49 
to 59. 

35 66. A product of any of claims 63 to 65 wherein the reaction comprises combining a solution 
of the peptide boronie acid in a water-mistible organic solvent with an aqueous solution of the 
base, allowing the add and the base to react at ambient temperature (e.g. at a temperature of 
from 15 to 25°C), evacuating the reaction mixture to dryness, redissotving the salt in water, 
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filtering the resulting solution end drying it and, if required, removing at least a portion of the 
residual water by further redissolution in ethyl acetate followed by evaporating to dryness. 

67. A product of claim 66 wherein the acid and the base are allowed to react for at least one 
5 hour 

68. A product of claim 66 or claim 67 wherein the water-miscible organic solvent is 
acetonitrile or an alcohol, e.g- ethanol, methanol, a prapanol, especially iso-propanol, or another 
alkanol, or a mixture of alcohols. 

10 

69. A method for drying a peptide boronic acid salt^ comprising dissolving it in ethyl acetate 
and then evaporating the resultant solution to dryness. 

70. A pharmaceutical formulation in oral dosage form comprising a salt of any of claims 1 to 
15 62 or a product of any of claims 63 to 68 and a pharmaceutical^ acceptable diluent, exdpient or 

earner, 

71. A pharmaceutical formulation of claim 7D which is adapted to release the salt in the 
duodenum. 

20 

72. A pharmaceutical composition of claim 71 which is enterically coated. 

73. A method of treating arterial thrombosis by prophylaxis or therapy, comprising 
administering to a mammal suffering from, or susceptible to, arterial thrombosis a therapeutically 

25 effective amount of a product selected from a salt of any of claims l to 62 and a product of any 
of claims 63 to 68. 

74. A method of claim 73 wherein the mammal is at risk of suffering thrombosis and said 
product is administered orally in an amount of from 4 to 40 nmol/kg. 

30 

75. A method of claim 73 or claim 74 wherein the disease is an acute coronary syndrome. 

76. A method of inhibiting platelet procoagulant activity, comprising administering to a 
mammal at risk of, or suffering from, arterial thrombosis a therapeutically effective amount of a 

35 product selected from a salt of any of claims 1 to 62 and a product of any of claims 63 to 68. 

77. A method of claim 76 which further includes the features recited in claim 74 and/or dalm 
75. 
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78. A method of treating by way of therapy or prophylaxes an arterial disease selected from 
gcute coronary syndromes, cerebrovascular thrombosis, peripheral arterial occlusion and arterial 
thrombosis resulting from atrial fibrillation, valvular heart disease, arterio-venous shunts, 
indwelling catheters or coronary stents, comprising administering to a mammal a therapeutically 

5 effective amount of a product selected from a salt of any of claims 1 to 62 and a product of any 
of claims 63 to 68. 

79. A method of claim 78 which further includes the features recited in claim 74 and/or claim 
75. 

10 

80. The use of a product selected from a salt of any of daims 1 to 62 and a product of any 
of daims 63 to 68 for the manufacture of a medicament for treating arterial thrombosis. 

81. The use of a salt of any of claims 1 to 62 or a product of any of claims 63 to 68 for the 
15 manufacture of a medicament for treating by way of therapy or prophylaxis a disease selected 

from acute coronary syndromes, cerebrovascular thrombosis and peripheral arterial occlusion. 

82. The use of claim 82 wherein the medicament is for treating an acute coronary syndrome. 

20 83. The use, for the manufacture of a medicament for treating in a mammalian subject by 
way of therapy or prophylaxis a disease selected from acute coronary syndromes, 
cerebrovascular thrombosis, peripheral arterial occlusion and arterial thrombosis resulting from 
atrial fibrillation, valvular heart disease, arterio-venous shunts, indwelling catheters or coronary 
stents, of a salt of any of claims 1 to 62 or a product of any of daims 63 to 68. 

25 

84. The use of a sait of any of claims 1 to 62 or a product of any of daims 63 to 68 for the 
manufacture of a medicament for inhibiting platelet procoagulant activity. 

85. The use of any of claims 80 to 84 wherein the salt or product is for oral administration in 
30 an amount of from 4 to 40 pmol/kg. 

86. The use of a peptide bononic add of formula (I) as defined in any of claims 1 to 13 as an 
intermediate to make a salt of any of claims 1 to 62 or a product of any of daims 63 to 68, 

35 87- A method of preparing a salt of any of dairns 1 to 62 or a product of any of daims 63 to 
68, comprteing contacting a peptide boronic add of formula CI) e$ defined in daim l with a base 
capable of making such a salt- 
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88. A peptide boronic add of formula (I) as defined in any of claims 1 to 13 when of GLP or 
GMP quality, or when in compliance with GLP (good laboratory practice) or GMP (good 
manufacturing practice). 

5 99. A composition of matter which is sterile or acceptable for pharmaceutical use, or both, 
and comprises a peptide boronic add of formula (I) as defined in any of daims 1 to 13. 

90. A composition of matter of claim 89 which is in particulate fbrm- 

10 91 , A composition of claim 89 which is in the form of a liquid solution or dispersion. 

92. An isolated compound which Is a peptide boronic acid of formula (II): 

X-(R)-Phen:S)-Pro-(RhMpg-BCOH) 2 (H) 

15 

wherein X is H (to form NH2) or an amino-protecting group. 

93. A compound of claim 92 wherein x is benzyloxycarbonyl. 

20 94. A particulate composition comprising a peptide boronic acid of formula (II) as defined in 
claim 92 or claim 93, 

95. A composition of claim 94 consisting predominantly of the peptide boronic acid. 

25 96. A composition of claim 95 wherein the peptide boronic acid forms at least 75% by 
weight of the composition . 

97. A composition Of claim 96 wherein the peptide boronic add forms at least 85% by 
weight of the composition, 



30 



35 



98. A composition of claim 97 wherein the peptide boronic acid forms at least 95% by 
weight of the composition. 

99. A composition of any of claims 94 to 98 which is sterile. 

100. A composition of any of claims 94 to 99 wherein the peptide boronic acid is in finely 
divided form. 
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101. A liquid composition consisting of, or consisting essentially of, a peptide boronic acid of 
formula (I) as defined in any of claims 1 to 13 and liquid vehicle in which it is dissolved or 
suspended. 

5 102. A liquid composition of claim 101 wherein the liquid vehicle is an aqueous medium/ e.g. 
water. 

103. A liquid composition of claim 101 wherein the liquid vehicle is an alcohol, for example 
methanol, ethanol, teopropanol or another propanoic another alkanol or a mixture of the 

10 aforegoing. 

104. A liquid composition of any of claims 101 to 103 which is sterile. 
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